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ENERGY P0LICY: D0ES IT ACHIEVE ITS II{TENDED

l'line K. Y0cel and Shengyi Guo'l

A good understanding of narkets targeted by energy policy is necessary for
energy tax pol icy to be successful .  This paper analyzes coal, natural gas and
oil narkets to deternine the extent to which these fuel prices nove together.
l le f ind that there ]yas a stable long-run relat ionship between coal and oi l
pr ices unti l  19/4 and that this relat ionship changed after 1974, The long-run
relat ionship found between coal ,  natural gas and oi l  pr ices inpl ies that a
single-fuel tax in these narkets would not be effect ive as a single tax
Policy. Sini lar ly, an equal percentage tax on these energy sources, which
does not change relat ive prices init ial ly, would not keep relat ive prices
unchanged in the long run. 0ur results show that energy policy nust take
account of the long-run relat ionship between dif ferent energy prices.
0therwise, the Iong-run results of energy pol icy could be quite dif ferent than
i ntended .

I .  INTRODUCTION

Government  energy  po1 ic ies  genera l l y  have mul t ip le  ob jec t ives  wh ich  are

not  necessar i l y  compat ib le  and are  no t  a lways  fu l f i l l ed ,  For  energy  po1 icy  to

be successful ,  a good understanding of the rnarkets targeted by po1 icy is

necessary .  In  par t i cu la r ,  the  long- run  re la t ionsh ip  be tween energy  pr ices

wi l l  de termine  the  degree o f  success  o f  any  po l  i cy  wh ich  ta rge ts  a  par t i cu la r

energy s ource.

I f  the  goa l  o f  energy  tax  po1 icy  i s  to  change the  consumpt ion  o f  a
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part icular enengy source because of environmental concerns, then the fuel

wh ich  po l lu tes  most  shou ld  be  taxed the  heav ies t .  I f  the  goa l  i s  energy

secur i ty ,  the  po1 icy  shou ld  decrease consumpt ion  wh i le  inc reas ing  produc t ion

of the targeted fuel .  The Clinton admi n i  strat i  on' s Btu tax proposal was

init ial ly hai ' led as a tax to curb pol lut ion and promote energy security, but

the proposed tax rates were not consistent with either goal .  Coal and natural

gas were taxed at equal rates, although natural gas is clearly the cleaner

burning fuel ,  and oi l  was taxed at twice that rate, However, i f  the goal of

energy taxation is only to raise revenue, then the tax should be structured so

as not to change relat ive energy prices and consumption patterns.

Whether or not coal ,  natural gas and oi l  pr ices have a long-run

relat ionship wil l  be important in determining the success of energy po1 icy, In

th is  paper ,  we inves t iga te  whether  such a  long- run  re l  a t ionsh ip  ex is ts ,  and

whether  the  re la t ionsh ip  has  changed over  the  years .  Then,  depend ing  on  the

goa ls  o f  energy  po l i cy ,  our  ana lys is  can cas t  a  l igh t  on  whether  the  po l i cy

wi - l l  ach ieve  i t s  in tended qoa ls .

II. COAL, NATURAL GAS AND OIL MARKETS

Whether  coa l  ,  na tura l  gas  and o i1  p r ices  are  re la ted  in  the  long run

depends on whether they are ciose substi tutes for each other. I f  the three

fuels serve the same markets, they are closer substi tutes and one price wil l

ref. lect movements in the other prices.

Coal ,  natural gas and oi l  consti tute nore than 88 percent of total U.S.

energy  consumpt ion ,  o f  wh ich  23 .8  percent  i s  impor ts ,  The Un i ted  Sta tes  is

re1  a t i ve ly  se l f  su f f i c ien t  in  coa i  and na tura l  gas ,  expor t ing  l3  percent  o f

coa l  p roduc t ion  and impor t ing  on ly  9 ,2  percent  o f  na tura l  gas  consumed,  The



Uni ted  Sta tes  is  somewhat  more  re l  ian t  on  wor ld  supp l  ies  o f  o i l ,  impor t ing

44.7  percent  o f  the  to ta l  o i l  and  produc ts  consumed domest ica l l y .

The markets that these fuels serve, and the fuel baiance of U.S. energy

consumption has changed substantial ly since the end of the second world war.

From accounting for almost 50 percent of energy consumption in 1947, coal use

has dec l ined to  23 .5  percent  o f  to ta l  energy  consumpt ion  in  1990.  O i l ' s  share

in consumption has increased somewhat, from 34.4 percent of consumption to

41.3 percent of consumption. Natural gas has made some inroads, increasing

from 16 percent of total energy consumption in 1947 to near 24 percent in 1990

(see  F igure  1 )  .1

Aside from changing shares in energy consumption, the fuels'  end-use

markets have also changed. As Figure 2 shows, coal dominated the industr ial

market in the 1940's with a 55 percent share, with natural gas comprising 23

percent  o f  indus t r ja i  fue l  inpu t .  In  1990,  o i l  and  na tura l  gas  were  compet ing

for  the  indus t r ia l  marke t  and coa l  use  had sh i f ted  main ly  to  e lec t r i c i t y

genera t ion .  Coa l ' s  share  in  e lec t r i c i t y  genera t ion  has  a lways  been h igh ,  bu t

i t  inc reased in  the  pas t  few years  as  na tura l  gas  and o i l ' s  shares  dec l ined.

In  1990,  86  percent  o f  a l l  coa l  consumed was used in  e lec t r i c i t y  genera t ion

F igure  3) .  In  1947,  coa l  a lso  dominated  the  res ident ia l  and commerc ia l  end-

use marke ts  w i th  a  48  percent  share .  The p ic tu re  has  changed s ign i f i can t ly

s ince  then as  F igure  4  shows.  Coa l ' s  share  in  the  res ident ia l  and commerc ia l

sec tor  has  dwind led  to  one- ten th  o f  one percent ,  wh i le  the  share  o f  na tura l

gas  has  inc reased f rom 15.7  to  46 .6  Dercent .  The share  o f  o i l  in  the

residential and commercial market has been halved in the past 45 years to 14

percent of the market. z

One sector where the three fuels are clearly no longer competit ive is



the  t ranspor ta t ion  sec tor  (F igure  5) .  Coa l  and o i l  were  compet ing  fue ls  in

the  t ranspor ta t ion  sec tor  in  the  1940 's ,  coa l  w i th  34 .4  percent  o f  the  narke t ,

and o i l  w i th  65 .3  percent  o f  the  rnarke t ,  In  1990,  the  share  o f  coa l  in

transportat ion was zero, and oj l  had grabbed 96 percent of the market.

Natural gas had a measly 3.7 percent share. The share of natural gas is

projected to grow, as a result of pol lut ion and natjonal security concerns

about  U.  S .  o i l  dependence.

I I  I .  EI,IPIRICAL ANALYSIS

To examine whether or not coal ,  natural gas and oi i  pr ices move

together, t ime series methods are ut i l ized, l le f i rst check whether the price

series are stat ionary, and f ind that al l  of them have stochastic trends (or

are integrated), For each of the series, we then test for cointegration.

Estination and test ing uses annual data from 1947 to 1990. l le use

minemouth  pr ices  fo r  b i tuminous  coa l  and l ign i te  fo r  the  coa l  p r ice  var iab le ,

U.S.  c rude o i l  p r i ce  a t  the  we l lhead fo r  o i l ,  and  we l lhead pr ices  fo r  na tura l

gas .3  A l l  p r i ces  are  conver ted  to  a  do l la rs  per  B tu  bas is .There  have been

st ruc tura l  changes in  the  o i l  marke t  dur ing  1947-1990 t ime per iod .  0PEC

became a much more potent force in the wor1d oi l  market after the ear' ly

sevent ies .  The end o f  1973 and beg inn ing  o f  1974 were  tumul tuous  t imes in  the

o i l  marke t .  In  oc tober  1973,  oPEC ra ised the  pr ice  o f  o i l  by  70  percent .  By

January  1974,  the  pr ' i ce  o f  o i l  had  t r ip led  to  more  than $11.00  per  bar re l  .

These dramat ic  changes in  the  o i l  marke t  cou ld  change the  re la t ionsh ip  be tween

coa l  ,  o i l  and  gas  pr ices  (see F igure  6) .  There fore ,  in  add i t ion  to  us ing  the

fu l  I  sample ,  we d iv ide  the  sample  per iod  up  in to  two sub-samples ,  1948 to  1974

and 1975 to 1990 to see whether the relat ionship between coal ,  gas and oi l



prices has changed over the two periods.

A.  I  n tegra t i  on

As an init ial  step in our econometric work, we checked whether our price

series }rere integrated or stat ionary, A t ime series which is integrated is

said to have a stochastic trend or a unit  root, A non-stat ionary, integrated

ser ies  s ign i f ies  tha t  any  shock  to  the  t ime ser ies  v { i l l  be  permanent ,  Un l  i ke

a stat ionary series which reverts back to i ts mean after a shock, an

integrated t ime series wil l  not revert back to i ts pre-shock level even in the

long run ,

Applying conventional econometric techniques to an integrated t ime

ser ies  can g ive  r i se  to  mis lead ing  resu l ts . l  There fore ,  we tes ted  fo t "

in tegra t ion  w i th  bo th  an  augmented D ickey-Fu l ' le r  and a  Ph i l l  ips -Per ron  tes t ,

l le checked for integration with and without a l inear t ime trend for the fui l

sample  (1947-1990)  and fo r  the  two subsamples  (1947-1974;  1975-1990)  and found

the  ser ies  to  be  in tegra ted  in  a l l  cases .  A l1  p r ice  ser ies  were  in tegra ted  o f

o rder  one,  i .e . ,  the  f i rs t  d i f fe rences  o f  a l l  ser ies  were  s ta t ionary .  Tab le  I

repor ts  the  augrnented  D ickey-Fu l le r  s ta t i s t i cs  tes t ing  fo r  the  nu11 hypothes is

tha t  each ser ies  i s  in teqra ted .

B. Coi ntegrati  on

After determining that each price series was integrated of order one, we

tested the three prices described for cointegration. Two integrated t ime

ser ies  a re  ca l led  co in tegra ted  i f  they  move together .  Co in tegra t ion  imp l ies  a

s ta t ionary ,  long- run  re la t ionsh ip  be tween the  two ser ies  and the  co in tegra t ing

term provides information about the long-run relat ionship. Furthermore, i f



cointegration is not accounted for, any model involving the two cointegrated

variables would be misspecif ied and/or the parameter est imates could be

underest i  mated.5 l le ernpl oyed the Johansen procedure to estimate the

co in tegra t ing  re la t ionsh ip  be tween coa l  ,  na tura l  gas  and o i l  p r i ces .6

The co in tegra t ion  re la t ionsh ips  var ied  w i th  the  sample  per iods .  l r le

found no cointegration among the variables for the fu' l l  sample, 1947 to 1990.

The lack of cointegration in the fu1 I sample is natural i f  the sub- samples

have comple te ly  d i f fe ren t  co in tegra t ing  re la t ionsh ips .  Th is  i s  indeed the

case. For the subsample period 1947 - 1974, we f ind a cointegrating

re la t ionsh ip  be tween coa l  and o i1 ,  and fo r  the  subsample  per iod  1974-1990,  we

f ind  a  co in tegra t ing  re1  a t ionsh ip  be tween a l l  the  th ree  var iab les .

Because each es t imated co in tegra t ing  re1  a t ionsh ip  i s  s ta t ionary ,  the

co in tegra t ing  te rms prov ide  an  e f f i c jen t  es t imate  o f  the  long- run

re la t ionsh ips  be tween the  co in tegra ted  var iab les .  In  the  1947-1974 sub-

sample  on ly  the  pr ices  o f  coa l  and o j l  a re  co in tegra ted ,  Th is  inp l ies  tha t  a

one percent increase in the price of oi l  wi l l  be met by a B percent increase

in  the  pr ice  o f  coa l  in  the  long run .  S imi la r ly ,  a  one percent  inc rease in

the  pr ice  o f  coa l  w i l l  be  met  by  a  l /B  percent  inc rease in  the  pr ice  o f  o i l  in

the  long run .  In  our  tes t ,  F  i s  less  than one,  imp ly ing  tha t  the  change in

the  pr ice  o f  coa l  i s  less  than the  change in  the  pr ice  o f  o i l .

As  Tab le  2  shows,  a  permanent  one percent  inc rease in  the  pr ice  o f  o i1

br ings  about  a  0 .63  percent  inc rease in  coa l  p r ices .  Th is  resu l t  i s

cons is ten t  w i th  our  knowledge o f  these two marke ts .  Pr ices  in  the  coa l

industry were largely based on long-term contracts, vrhich were of the order of

th i r ty  years  o r  more ,  and hence wou ld  be  less  var iab le  than o i l  p r i ces .  The

onset  o f  po l lu t ion  regu la t ions  in  the  coa l  indus t ry  in  1969 and the  ear ly



1970s cou ld  a lso  be  a  fac to r  jn  the  smal le r  changes in  coa l  p r ices ,  Eecause

coal is a dirt ier fuel ,  consumers may not be switching out of oi l  into coal ,

and equ i l ib r ium is  reached w i thout  coa l  p r ices  r i s jng  as  much.  Another

argument could be that productivi ty in the coal sector was increasing

dras t ica l l y ,  and-hence coa l  p r ices  d id  no t  go  up  as  much to  ge t  back  in to  long

run eou i l ib r ium.

The natural gas market was a heavi ly regulated market in the 1947-1974

per iod ,  and th is  i s  l i ke ly  the  major  cause fo r  the  lack  o f  co in tegra t ion

between natural gas and the other fuels in the f irst subsample. l , lel lhead

prices of natura' l  gas were regulated in 1954, with the price of natural gas

based on average historical costs. This regulated price was below the market

value of natural gas in the 1960s and 1970s and was quite unrespons.ive to

market forces. Moreover, natural gas, l ike coal ,  was sold under long-term

cont rac ts  wh ich  l i ke ly  cont r ibu ted  to  the  lack  o f  co in tegra t ion  o f  gas  w i th

coa l  and o i l .

In the second subsample period 1974 - 1990, the results are

qua l i ta t i ve iy  s imi la r  to  the  f i rs t  subsample  a l though we f ind  co in tegra t ion

between a l l  th ree  var jab les ,  Because i t  was  d i f f i cu l t  to  ident i f y  the  changes

in  the  pr ices  f rom the  th ree-pr ice  co in tegra t ing  re ja t jonsh ip ,  t . le  a lso  checked

for  pa i rw ise  co in tegra t ion  in  th is  subsample .

To obtain a lower and upper bound for the changes in coal and natural

gas  pr ices ,  g iven  a  change in  the  pr ice  o f  o i1 ,  we assume one o f  the  pr ices

stays constant and calcul ate how the other price would have to respond to a

change in  the  o i l  p r i ce  in  o rder  to  re tu rn  to  long- run  equ i l  ib r ium.  I f  the

pr ice  o f  o i l  jnc reases  by  one percent ,  ho ld ing  the  pr ice  o f  na tura l  gas

cons tan t ,  coa l  p r ices  wou ld  have to  fa l l  by  I .6  percent  to  ge t  back  to  long-



run

9as

equ i l  ib r ium.  0n  the  o ther  hand,  i f  coa l  p r ices  are  kept  cons tan t ,  na tura l

p r ices  wou ld  have to  inc rease by  0 .75  percent  to  be  back  a t  equ i ' l  i b r ium.

The above experiment seems to suggest that as oi l  pr ices increase, there

is  no t  much subs t i tu t ion  in to  coa l  .  I f  the  pr ice  o f  na tura l  gas  fa l l s

re la t i ve  to  o i i  ( i ,e .  na tura l  gas  pr ices  kept  cons tan t ) ,  consuners  r rou ld  sh i f t

in to  gas  f rom o i l .  Bu t ,  s ince  the  pr ice  o f  coa l  has  to  fa l l  to  ge t  back  in to

equ i  l ib r ium,  consuners  must  be  sh i f t ing  ou t  o f  coa l  in to  gas .  Th is  cou ld  come

about i f  gas was perceived to be a better substi tute for oi ' l  than coal .  0n

the other hand, there probably is not be nuch shif t ing out of gas into coal ,

because the price of natural gas has to r ise to return to the long-run

equ i  I  i  b r ium re la t ionsh ip .

In  the  pa i r r i i se  co in tegra t ion  tes ts  fo r  the  1974 -1990 per iod ,  we f ind

sonewhat  s imi la r  resu l ts .  l . lhen  o i l  i s  pa i red  w i th  na tura l  gas ,  we f ind  a  B  o f

1 .129.  Th is  imp l ies  tha t  a  one percent  change in  the  pr ice  o f  o i l ,  r {ou ld  lead

to  a  0 .89  percent  change in  the  pr ice  o f  na tura l  gas  in  the  long run .  O i l  and

natura l  gas  are  re la t i ve ly  good subs t i tu tes ,  and the  p  va lues  c lose  to  1 .0  a re

cons i  s ten t  w i th  th is  fac t .

l , lhen coal and oi l  are paired together, the cointegrating relat ionship is

s in i la r  to  the  one found in  the  ear l  ie r  subsample .  As  Tab le  2  shows,  i f  the

pr ice  o f  o i l  inc reased by  one percent ,  the  pr ice  o f  coa l  wou ld  have to

increase by  0 .535 percent  to  b r ing  the  re la t ionsh ip  back  in to  equ i l ib r ium,

a l though th is  p  va iue  is  no t  s ign i f i can t .  The F  in  the  la te r  sample  is

somewhat  smal le r  than the  F  in  the  ear l  ie r  sample ,  poss ib ly  imp ly ing  tha t  o i l

and coal have begun to serve more diverse markets.

F ina l l y ,  i f  coa l  and na tura l  gas  are  pa i red  together ,  we see tha t  the

pa i rw ise  re la t ionsh ip  i s  qu i te  s imi la r  to  the  th ree-pr ice  co in tegra t ing



re la t ionsh ip .  A  one percent  change in  the  pr ice  o f  coa l  wou ld  lead to  a  0 .5

percent change in the price of natural gas in the long run, same as in the

ear l  ie r  resu l t ,  when o i l  p r i ces  were  he ld  cons tan t .  Th is  seems to  imp ly  tha t

in  the  la te r  subsample ,  1974-1990,  the  pr ice  o f  coa l  d id  no t  a f fec t  o i1  p r ices

much.  Th is  f ind ing  is  cons is ten t  w i th  the  ins ign i f i can t  p  we found in  the

coa l  -o i l  re l  a t ionsh i  o  above.

SUMMARY AND CONCLUSION

A good understanding of markets targeted by energy pol icy is necessary

for energy tax pol icy to be successful .  Given that we f ind a long-run

re la t ionsh ip  be tween coa l  ,  na tura l  gas  and o i l  p r i ces ,  i t  i s  impera t ive  tha t

energy  tax  po1 icy  take  account  o f  th is  re la t ionsh ip ,  o therw ise  the  long- run

resu l ts  o f  energy  po1 icy  cou ld  be  qu i te  d i f fe ren t  than in tended.

The iong-run relat ionship that we found between coal ,  natural gas and

o i l  marke ts  suggests  tha t  a  s ing le - fue l  tax  in  these marke ts  wou ld  no t  be

ef fec t i ve  as  a  s ing le - fue l  po l  i cy ,  Because a l l  th ree  marke ts  a re

co in tegra ted ,  a  tax  on  any  s ing le  fue l  wou ld  be  re f lec ted  in  o ther  fue l  p r ices

in  the  l  ong run .

If  the goal of energy tax po1 icy is to only raise revenue, the best tax

wou ld  be  one wh ich  d id  no t  change the  long- run  re la t ionsh ip  be tween the  fue ls ,

assuming tha t  we are  in i t ia l l y  a t  a  long- run  equ i l ib r ium.  The leas t

d is rup t ive  tax  wou ld  be  to  tax  o i l  and  na tura l  gas  a t  re la t i ve ly  s imi la r

ra tes ,  and tax  coa l  a t  ha l f  tha t  ra te .  In  such a  case,  the  tax  wou ld  no t

d is tu rb  the  consumpt ion  pa t te rns  in  the  coa l  ,  na tura l  gas  and o i l  marke ts .  An

equal percentage tax on these energy sources, which does not change relat ive

pr ices  in i t ia l l y ,  wou ld  no t  keep re la t i ve  p r ices  unchanged in  the  long run .



0n the  o ther  hand,  i f  the  goa l  i s  to  a l te r  energy  pr ices '  i t  i s  no t

necessary  to  tax  a i l  fue ls  in  o rder  to  change the i r  p r ices ,  g iven  the

co in tegra t ion  be tween coa l  ,  na tura l  gas  and o i l  p r i ces .  A  po l i t i ca l l y

feasible tax on one fue' l  could be used to change prices and consumption

patterns of other fue' ls. For example, a gasol ine tax which is relat ively easy

to  admin is te r  and co l lec t ,  has  a  p red ic tab le  impact  on  o i l  p r i ces .  A  change

in  the  gaso l ine  tax ,  work ing  th rough the  o i l  p r i ce ,  w i l l  a lso  change the

prices of natural gas and coa.l  in a manner dictated by the long-run

co in tegra t ing  re la t ionsh ip  be tween the  fue ls .  Knowledge o f  the  co in tegra t ing

relat ionship between energy sources wil l  be helpful in ensuring that energy

po1 icy  ach ieves  i t s  in tended goa ls  in  the  long run .

IO
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Reference,  1980.
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Table l .  Augmented Dickey-Fuller Tests for Unit Roots

1947 - 1990 t947 - t974 1974 - 1990

T T- T T T t_

COAL -5 .  t9 -7  .72 0.154 17.89 0 .893 -9  .64

NAT GAS -7 .51 -22. t l ' -1 .00 -3 .92 -2 .68 -0 .918

OIL -5 .25 -  15 .00 -7  .79 -  15.  10 -3 .59 -3 .54

The above s ta t i s t i cs  a re  fo r  tes t ing  the  nu l l  hypothes is  tha t  each var iab le
conta ins  a  un i t  roo t .  T . .  i s  w i thout  a  I  inear  de termin is t i c  t ime t rend and
r ,  i s  w i th  a  l inear  de te imin is t i c  t ime t rend.  A11,  except  the  

'  
component ,

a re  ins ign i f i can t  a t  the  10  percent  leve l  .
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Table 2. Cointegration of Coal ,  Natural cas and Oil  Prices

Cointegration Between the Three Fuels

1947 - t974 1975 - 1990

B s iS.  B s ig.

Coa l  1 .0  .01  1 .0  .045

Natural gas .244 .30 2.087 .000

0 i  I  .628 .007 -1 .569 .000

Pairwise Cointeoration 1975- 1990

P sis.

Natural Gas - Coal .466 .001

Coa l  -  O i l  .535  > .20

Oi l  -  Na tu ra l  Gas  1 .129  .000
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1.1' luclear energy which was nonexistent in 1947 now accounts for 8 percent of
total energy consumption (21 percent of electr ici ty generation is from nuclear
fue l  s ) .

2 .The re l  a t i  ve
percent of the
which  coa l  i s

share of coal is actual ly greater than 0.1 percent. Twenty one
res ident ia l /commerc ia l  marke t  i s  serv iced  by  e lec t r i c i t y ,  o f

the main energy source.

3 .The coa l  da ta  i s  f rom l / i s to r ica l  S ta t i s t i cs  o f  the  U.S,  pub l i shed by  the
U.S. Department of Conmerce, Bureau of the Census; The U.S. CoaI Industry,
1970-1990: Two Decades of Change published by the U.S. Energy Information
Administrat ion, Department of Energy; and Coal Data: A Reference, publ ished by
the Energy Information Administrat ion, Department of Energy. The natural gas
and oi l  data are from the l i l  and Gas iJournal Energy Database.

4. See Balke (1991), Sims, Stock and !,atson (1990) and Stock and l latson
( ls88) .

S.See Eng le  and Yoo (1987) .

6 .  The Johansen procedure  is  a  max imum l i ke l ihood method.  l le  chose i t  over
severa] other procedures because i t  provides the most eff icient est imates of
the  co in tegra t ing  re la t ionsh ips .  In  add i t ion ,  i t  p rov ides  es t imates  o f  the
number  o f  co in tegra t ing  re1  a t ionsh ips .  The co in tegra t ion  tes ts  were  done
without a trend because the real price data do not appear to have a t ime
trend .
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