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Energy is again beconing a hot pol icy topic. Concerns about the

environment, energy security, global competit iveness and even the budget

de f ib i t  a re  b r ing ing  energy  po)  i cy  in to  the  I ime l igh t .  To  have success fu l

energy po1 icy however, one must have a good understanding of energy markets

and energy price relat ionships. U.S. energy markets have undergone many

changes since the end of l lor ld } lar I I  ( t l l l l l )  and energy prices ref lect these

changes. The purpose of this paper is to provide a better understanding of

the interactions and long-run relat ionships between coal ,  natural gas and oi l

p r i ces .  Such an  unders tand ing  w i l I  a lso  a id  energy  mode l ing  e f fo r ts  by

showing whether we can study these markets independently or vrhether we must

account for the interactions between them.

Our f indings suggest that the relat ionship betvreen coal ,  natural gas and

o j l  has  changed,  and,  cons is ten t  w i th  convent iona l  w isdom,  o i l  has  dominated

these markets over the past twenty years. Consequently, no model of the

energy  narke t  w i l l  be  comple te  w i thout  o i l .

A Brief History of Coal , cas and Oil llarkets

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

energy  consumpt ion ,  The Un i ted  Sta tes  is  re la t i ve ly  se l f  su f f i c ien t  in  coa l

and natural gas, export ing 13 percent of coal production and import ing only

9.2 percent of natural gas consuned. The United States is more rel iant 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 i  and  produc ts



consumed dornestical ly. To better understand the relat ionships between these

three fuels, which are the backbone of our energy consumption, we brief ly

survey a history of coal ,  natural gas and oi l  markets after l{ l ' l l l .

The coal industry decl ined substantial ly after l l l l l I ,  but a turnaround

that began in the early I960s has been sustajned and production has been on an

upward trend since. The decl ines after l . l l l l l I  were in the household and

transportat ion sectors, but increasing demand from the electr ici ty sector

eventual ly offset these decl ines, leading to a resurgence in the coal industry

in the 1960s (Zimmerman I98l).  Gordon (1987) argues that coal was never a

favored fuel jn the United States, and environmental programs - beginning with

the National Environmental Pol icy Act in 1969 - increased the cost of using

and producing coal .  Coal production decl ined sl ightly after reaching a decade

high in 1970. However, the oi l  embargo of 1973-74 increased the demand for

coa l  and ca tapu l ted  rea l  coa l  p r ices  to  an  a l l - t ime h igh  in  1975.  Coa l  use  in

e lec t r i c i t y  p roduc t ion  inc reased dramat ica l l y ,  and coa l  p roduc t ion  in  the

United States has been on an upward trend since then. Real coal prices have

been decl ining since 1975 however, due to increasing productivi ty in the coal

sector.

The natural gas market has historjcal ly been a heavi ly regulated market,

only recently have regulat ions been eased. The natural gas market has been

regulated since the passage of the Natural Gas Act (NGA) of 1938. The NGA

regulated the pipel ines' entry into and exit  from the market and also

regulated the rates they would charge and the services they would provide. In

1954, wellhead prices of interstate gas were regulated. As Teece (1990)

explains, the NGA's " just and reasonable price" was based on average,

histonical costs of production and was below the market value of natural gas



i n  the  1960s and 1970s,  espec ja l l y  a f te r  the  1973 o i l  p r i ce  h ike .  The

regulat ions made natural gas prices unresponsive to market forces and led to

shortages in some markets and gluts in others, The Natural Gas Po1 icy Act

(NGPA) of 1978 began the deregulat ion of wellhead natural gas prices, and by

1990,  deregu la t ion  was v i r tua l i y  conp le te .

The pipel ine segment of the natural gas industry also has been

deregulated, causing natural gas prices in al l  end-use markets to be more

responsive to market fundamentals. Unti l  very recently, entry into the

pipel ine market was restr icted, and long-term contracts were the rule in the

industry. In 1985, a new pol icy of open access to pipel ines emphasized their

role as carr iers of gas rather than as buyers and sel lers of gas. The number

of contracts dec.l ined substantial 1y with open access. The new FERC order 536

is designed to complete the transit ion to open access and ensure that gas

buyers have greater access to a competit ive natural gas market. The market

structure of the natural gas industry, along with the existence of long-term

contracts, regulat ion, and access to the spot market have al l  affected the

pr ice  o f  na tura l  gas  and i t s  ab i l  i t y  to  be  compet i t i ve  w i th  coa l  and o i l

pr i  ces .

The history of the oi l  sector is nruch better known than that of the

natural gas or coal industr ies. 0i l  has consti tuted a much larger port ion of

the total energy consumed by the United States since the end of t ' l t { I  I  and a

disruption in suppl ies or a change in price has rnore repercussions than for

any other fuel .  The inportance of the Middle East as a producing region has

a1 so grown since Ul, l I I ,  and the l4iddle East wi l l  remain dominant unti l  Russia

and China, among other regions, are nore ful ly explored.

l4u l t ina t iona l  o i1  compan ies  were  the  key  p layers  in  the  Midd le  Eas t



unti l  the Teheran Agreement in 1971. Although the 0rganization of Petroleum

Export ing Countr ies (0PEC) had been formed in 1960, the OPEC countr ies had not

been very  ac t ive  in  se t t ing  o i l  p r i ces ,  nor  d . id  they  have much equ i ty  in  the

producing propert ies. OPEC countr ies' equity in producing propert ies

increased steadi ly after 1973, reaching 60 percent by January 1974 and 100

percent for almost al l  members after 1980, l{ j th increasjng equity interest in

producing propert ies came increased control of oi1 prices. In late 1973, 0PEC

announced production cutbacks and an embargo on oi l  suppl ies to the United

Sta tes  in  re ta l ia t ion  fo r  U.S.  suppor t  o f  I s rae l  in  the  Arab- Is rae l i  war .  By

January 1974, oi l  pr ices had more than tr ipled in the world market. The

I ran ian  revo lu t ion  led  to  another  sp ike  in  o i l  p r i ces  in  1979,  and pr ices

cl imbed to $36 per barrel by 1981 . However, increased prices 1ed to

conservation efforts and increased production outside of OPEC. Coupled with

low demand due to slow econonic growth, oi l  pr ices plummeted to about $11 per

barrel in 1986. Since then, oi l  pr ices have ratcheted up to around $20 per

barrel ,  with another brief spike of near $40 per barrel in 1990 due to the

Gul f  t lar.

Empir ical Anal ysi s

The above summary of coal ,  natural gas and oi l  markets i  l  lustrates the

changes these markets have undergone since l ' lUII.  I t  is reasonable to expect

changes in the price re1 at ionships between these fuels in the same t ime frame.

To ana lyze  the  coa l  ,  na tura l  gas  and o i l  marke ts ,  we u t i l i ze  t ime ser ies

methods. The econometric work involves a number of steDs, 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 and use a series of reduced-fonn vector error- correct i  on

models to test for causal i ty and adjustment to equi l ibr ium emor. tde then

calculate the sources of long-run price shocks and the persistence of these

pr ice  shocks .

Estimation and test ing uses annual data from the period 1947 - 1990. l , le

use minemouth prices for bituminous coal and anthracite for the coal price

var iab le ,  re f iners '  acqu is i t ion  cos t  fo r  o i l ,  and  we l lhead pr ices  fo r  na tura l

gas .  A1 l  p r ices  are  on  a  B tu  bas is .

There have been structural changes in the oi l  market during these years,

as explained earl ier. Greater 0PEC control over oi ' l  pr ices and the tr ipl ing

o f  p r ices  took  p lace  in  1974.  There fore ,  in  add i t ion  to  us ing  the  fu l l

sample, we divide the sanple period into two subsamples, 1948 - 1974 and

1975 - 1990 to see whether the relat ionship between coal ,  gas and oi1 prices

has changed over the two periods.

Integrat'l on and Goi ntegrati on

In an earl ier paper using the same data series, we found al l  series to

be integrated of order one for al l  sample periods (see Yiicel and Guo 1993).

l le also found the series to be cointegrated in the two subsample periods, but

no t  in  the  fu l l  samole .

An integrated t ime series impl ies that any shock to the t ine series wil l

be permanent and that the series wil l  not revert back to i ts mean after the

shock. Two integrated t ime series are cointegrated i f  they nove together;

co in tegra t ion  imp l ies  a  s ta t ionary ,  long- te rm re ' la t ionsh ip  be tween the



seri es . '

In YUcel and Guo (1993) we f ind that coal and oi l  are cointegrated in

the earl ier subsample, 1947 -1974. The relat ionship between the fuels changes

after 1974. l ie f ind that natural gas is also cointegrated with coal and oi l

dur ing  1975-1990.  The re la t ionsh ip  i s  such tha t  a  I  percent  change in  o i l

pr ices would lead to nearly a 1 percent change in natural gas prices, but only

a half a percentage change in coal prices in the iong run, These

cointegration results are integrated into the VAR nodel we use for our

causal i ty tests .

Causal i ty

A causal relat ionship between two variables implies that changes in one

var iab le  lead to  changes in  the  o ther .  To  tes t  fo r  a  p red ic t i ve  re la t ionsh ip

between the variables, we perfonned Granger causali ty tests on pairs of the

three fuel pri  ces.

Because al l  our price series were cointegrated, we accounted for

cointegration by specifying an error- correct i  on model in which changes in the

dependent variable are expressed as changes in both the independent variable

and dependent variable, plus an error - correct i  on term. The error- correct i  on

term spec i f ies  the  ad jus tment  to  equ i l ib r ium er ro r ,  i .e , ,  the  ad jus tment  to

dev ia t ions  f rom the  long- run  co in tegra t ing  re la t ionsh ip .  The coef f i c ien t  on

the  equ i l ib r ium er ro r ,  o ,  spec i f ies  what  p ropor t ion  o f  the  d isequ i l  ib r ium f rom

one period is corrected in the next period.?

' I f  co jn tegra t ion  is  no t  accounted  fo r ,  any  mode l  invo lv ing  the
cointegrated variables would be misspecif ied and/or the parameter est imates
could be underest i  mated.

2  See Eng le  and Granger  (1987) .



The tests f irst involved estimating a reduced-form VAR model comprising

the  fo l low ing  se t  o f  equat ions  fo r  each pa i r  o f  p r ices :

AC. = f,=1 alAGt-i  + f j=1 bjAor_, + I*=.,c*AC,-. + c' ,CI.-n-. + p.,.  ( l )

AG.  = f ,= re ;A0, - ,  + I r= , f rAc t - j  +Tk= lgkAct_k  +ozc l t -n -1  + t r12 t  G)

A0.  = f ,= rm;AC, - ,  + f r= ,p rAG. - ,  +8 .= rQ*AOt -k  +%Cl t -n - l  +p3 t  (3 )

where :  C is  the  log  o f  the  pr ice  o f  coa l  ,

G is  the  iog  o f  the  pr ice  fo r  na tura l  gas ,

0  i s  the  1og  o f  the  p r i ce  o f  o i l ,

C I  j s  the  er ro rs  in  the  co in tegra t ing  re la t ionsh ip ,  (C, -

F1 Gt+Bt ;s

ap b;, c1, ep f;r  91, mir P; r Qp dr '  %, cl3 afe pafameters to

be estinated, and

Frt and Fzt, l4t are white noise.a

The coeff icients ol ,  o, and o, represent the adjustment to

equi 1i bri  um emor,

A l l  var jab les  are  expressed in  logar i thms.

Causali ty runs from natural gas prices to coal prices i f  at and the ai

jo in t l y  a re  s ta t i s t i ca l l y  d i f fe ren t  f rom zero .  S imi la r ly ,  causa l i t y  runs

f rom o i l  p r i ces  to  coa l  p r ices  i f  q  and the  b ,  a re  jo in t l y  s ta t i s t i ca l l y

dif ferent fron zero. I f  both sets of coeff icients are signif icantly dif ferent

from zero, causal i ty is bi-direct ional .  The same analysis holds for equations

3 The error- correct i  on term is included because al l  pr ices are
co in tegra ted  w i th  each o ther  (see Eng le  and Granger  (1987) .

" The value of n was set in the Johansen procedure to assure white noise
in  the  res idua ls .



2 and 3.

As shown in Table 1, causal i ty results are dependent upon the t ime

period under analysis. l le f ind no causali ty (at the 5 percent level) between

any pa i rs  o f  p r ices  fo r  the  fu11 sample  per iod  1947-1990.  Th is  aga in  leads  us

to suspect that the turmoil  in the oi l  market in the early 1970s changed the

relat ionships between these fuel prices in such a way that no consistent

re la t ionsh ip  ex is ts  fo r  the  en t i re  t ime hor izon .  Look ing  a t  the  two

subperiods, we do f ind a change in the causal re' lat ionship between the prices.

In the period ending in 1974, we f ind that al ' l  pr ices cause shocks in the

pr ices  w i th  wh ich  they  are  pa i red .

In  the  la te r  per iod ,  1975-1990,  we f ind  b i -d i rec t iona l  causa l i t y  be tween

natura l  gas  and coa i  pn ices  bu t  no t  w i th  o i l  p r i ces .  In  th is  per iod ,  shocks

in  o i l  p r i ces  cause shocks  in  na tura l  gas  and coa l  p r ices ,  bu t  do  no t  respond

to  changes in  coa l  o r  na tura l  gas  pr ices .  Th is  resu l t  i s  cons is ten t  w i th  the

nevt order in the oi l  market with the energence of 0PEC. After the early

1970s, the price of oi l  was control led by 0PEC and was not responsive to

shocks in donestic coal or natural gas prices, From the early 1970s on,

changes in  o i l  p r i ces  began to  lead changes in  a l l  o ther  fue i  p r ices .

Adjustment to Equil  i  br ium Error

If  there is cointegration between a number of variables, any movement

away from the long-run cointegrating relat ionship wil l  eventual ly be corrected

and the  van iab les  w i l l  rnove back  in to  the i r  long- run  re la t ionsh ip .  The

adjustment could be through one, two or al l  of the variables. l lhich variable

ad ius ts  to  equ i l ib r ium enor  depends on  many fac to rs ,  inc lud . ing  e las t i c i t ies

and market structure.



In a cointegrated system (such as that represented by equations I

through 3), the presence of an enor-correction term impl ies that the

dependent  var iab le  ad jus ts  to  equ i l ib r iun  er ro r .  The coef f i c ien t  on  the

equ i l ib r ium er ro r ,  c i ,  re f lec ts  the  ex ten t  to  wh ich  a  g iven pr ice  var iab le

reac ts  in  the  shor t  run  to  dev ia t ions  f ron  i t s  long- run  re la t ionsh ip  w i th

another  p r ice  var iab le .  In  the  equat ions  where  the  q  i s  s ign i f i can t ,  the

dependent  var iab le  ad jus ts  to  dev ia t ions  f rom the  co in tegra t ing  re la t ionsh ip .

In  equat ions  where  the  a  i s  no t  s ign i f i can t ,  the  dependent  var iab le  does  no t

ad jus t  to  dev ia t ions  f rom the  co in tegra t ing  re la t ionsh ip .

As shown in Table 2, in the t ine period between 1947 and 1974, a' l l

pr ices adjust i f  there is a movement away from equil ibr ium. The quickest

adjustment is made by coal and o' i l ,  whi le natural gas prices adjust more

s1ow1y,  Th is  ev idence is  cons js ten t  w i th  our  ins t i tu t iona l  knowl  edge about

the three markets. The natural gas market in this period was under price

cont ro ls ,  and s low ad jus tment  i s  cons is ten t  w i th  p r ice  cont ro ls .  The coa l  and

oil  markets were nore competit ive, and adjustment was faster.

In  the  1975-1990 t ime per iod ,  we f ind  tha t  o i l  p r i ces  do  no t  ad ius t  to

dev ia t ions  f ron  equ i l ib r ium.  As  Tab le  2  shows,  the  c  in  the  o i l  equat ion  is

no t  s ign i f i can t .  An  ins ign i f i can t  o  imp l ies  weak exogene i ty  o f  the  o i l  p r i ce

var iab le ,  wh ich  is  cons is ten t  w i th  0PEC's  impact  on  and re la t i ve  cont ro l  o f

wor' ld oi l  pr ices after the early seventies. Both coal and natural gas prices

ad jus t  to  dev ja t ions  f rom the  equ i l ib r ium re la t ionsh ip  in  th is  t ime per iod .

t l i th the gradual deregulat ion of the natural gas market that began in 1978 and

with the establ ishment of the spot market for natural gas in 1985, gas prices

have become much more responsive to changing market condit ions. l le f ind that

the natural gas market adjusts fastest to deviat ions from long-run equil  ibr ium

t0



dur ing  the  1975-1990 per iod .

Long-Run Source of Yari ance

To f ind out which prices were the most l ikely sources of shocks, we use

the  Cho lesk i  decompos i t ion  to  ca lcu la te  the  var iance decompos i t ion . t  The

variance decomposit ion apport ions the variance of effors in a given price to

emors in the three dif ferent energy prices.

In the earl ier t ime peri od , 1947 -197 4, the long-run source of variance

is  invar ian t  to  the  order ing  o f  the  var iab les  in  the  equat ions .  l {e  f ind  tha t

coal prices are the long-run source of shocks for al l  three prices.

In  the  1975- lgg0 per iod ,  the  order ing  o f  the  var iab les  changes the

results. l lhen ordering changes the source of long-run variance for the

pr ices ,  we pre fer  the  order ing  in  wh ich  innovat ions  in  o i l  p r i ces  are  p laced

first.  This ordering presumes that shocks are rnost l ikely to originate in oi1

prices, which f i ts our priors that oPEC becane a force to reckon with in the

wor ld  o i l  marke t  dur ing  th is  t ime per iod .  I f  the  change in  o i1  p r ices  is

p1 aced f irst,  then oi l  pr ices are a very strong source of variance, accounting

for  a lmost  100 percent  o f  the  var iance in  o i l  and  gas  pr ices .  In  the  coa l

equation, both oi l  and coal prices are equal sources of shock.

The resu l ts  o f  the  coa l  equat ion  are  cons is ten t  w i th  ins t i tu t iona l

developments in the energy markets. Coal and oi l  were not competing fuels in

5The Choleski decomposit ion decomposes the residuals, tr l ,r  and g2t into two
sets of impulses which are orthogonal to each other. 0rthogon al i  zat l  on al lows
one to take covariance between the residuals into account,

The Choleski decomposit ion imposes a recursive structure on the system
in  wh ich  the  order ing  o f  the  dependent  var iab les  is  spec i f ied .  I f  the
covariance between the residuals is suff iciently high, the ordering can affect
the results. l le experimented with permutations of the changes in al l  the
prr ces .

l t



many of the end-use sectors by this t ime, Coal had a very snal i  share in the

transportat ion sector, and a relat ively smal1 share in the industr ial sector

that continued to decl ine throughout the t ime horizon, 0n the other hand, the

share  o f  o i l  in  the  genera t ion  o f  e lec t r i c i t y  had dec l ined cons iderab ly ,  wh i le

the share of coal had grown. Therefore, i t  makes sense that oi l  is not the

dominant source of variance in this market. Demand or supply shocks to coal

are also sources of shock in the coal market.

Concl us i on

For successful energy pol icy, an understanding of the interrelat ionships

between dif ferent energy markets is imperative. Especial ly when pol icy

ta rge ts  spec i f i c  fue ls ,  the  long- run  re la t ionsh ips  be tween the  fue ls  w i l l

determine the success of the po1 icy.

Our analysis shows that the long-run relat ionships between coal ,  natural

gas  and o i1  p r ices  have changed s ince  l . l l { I I .  Th is  i s  ev ident  f rom our  f ind ing

no cointegration or causal i ty between the three fuels in the ful l  sample and

f ind ing  d j f fe ren t  re la t ionsh ips  be tween the  fue ls  in  the  two subsamples .

Before the oi l  pr ice shocks of the early I970s, no fuel dominated the

energy  marke t .  l i e  found b i -d i rec t iona l  causa l i t y  among a l l  th ree  fue ls ,  a l l

fuel prices adjusted to deviat ions fron long-run equil ibr ium, and the source

of shocks was coal ,  invariant to ordering.

Our econometric tests are evidence that oi l  became the doninant fuel

after 1974, consistent with conventional wisdom, After 1974, a change in oi l

pr ices causes changes in coal and natural gas prices, but not vice versa.

l4oreover, i f  there is a movement away from equil ibr ium, adjustment back to

equil  ibr iun is not through oi1 prices but through adjustments in coal and

12



natural gas prices. Oil  is also the source of shocks to the oi l  and natural

gas market. I t  is not the sole source of shocks in the coal market,

underscoring how end-use markets for these two fuels has diverged in the past

twenty years.

Our f indings a1 so suggest that modeling the coal and gas markets after

1974 v { i thout  inc lud ing  o i l  wou ld  lead to  a  misspec i f i ca t ion  o f  the  mode l  ,  0n

the other hand, using oi l  pr ices as a proxy for energy prices would not be

such a grave error.

I3



REFERE}ICES

Bal ke, Nathan S., "Mode1 ing Trends in Macroeconomic Time Series," Economic
Review, Federal Reserve Bank of Dallas, t i lay 1991 .

Johns Hopki ns University Press
t98 l  .

Eng le ,  Rober t  F .  and C.U.J .  Granger ,
Representation, Estimation, and
7R

for Resources for the Future, Balt imore,

"Co- integration and Error Correction:
Testing, " Econometrica, March 1987, 251-

Boh i ,  Doug las  R. ,  Ana lyz inq  Demand Behav io r :  A  Studv  o f  Enerqy  E las t ic i t ies ,

Engle, Robert F. and Byung Sam Yoo, "Forecasting and Testing in Co-integrated
Systems," Journal of Econometrics, 1987, 143-59.

Gordon, Richard 1., l , lor l  d Coal ,  Cambridge University Press, Cambridge, 1987.

Stock, James H. and Mark l , l .  l iatson, "Variable Trends in Econometric Time
Series," The Journal of Economic Persoectives, Summer 1988, 147-74.

S ims,  Chr is topher  A , ,  James H.  S tock ,  and Mark  l l .  t la tson,  " In fe rence in  L inear
Time Series Models wjth Some Unit Roots," Econometrica, January 1990,
113-44.

Z inmerman,  Mar t in  8 , ,
Change, The MIT

14



Tab le  l .  Causa l  i t y  (S ign i f i cance)

t947 - 1974

Price Pai rs

XY

Coal Gas

0 i  I  Gas

0 i1  Coa l

1975 - 1990

Gausal i tv

XtoY YtoX

0.00 0 .00

0.00 0 .00

0.01 0 .00

x
Coal

0 i l

0 i1

X toY

0.00

0 .00

0 .00

YtoX

0.  00

0.  79

0.80

Y

Gas

Gas

Coa l

1947 - 1990

x
Coal

0 i l

0 i l

X toY

0.08

0 .35

0 .99

YtoX

0 .99

0 .  19

0 .89

Gas

Gas

Coal
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Table 2. Adjustment to Equil ibrium Error

t947 - t974

Goeffi ci ent

0 .  646

0 .27  4

0 .502

1975 - 1990

Coal

Gas

0 i l

Coeffi ci ent

0 .062

0.269

0 .035

Si gni fi cance

0.004

0.00I

0 .005

Si gni fi cance

0 .005

0 .000

0  .80

Coal

Gas

0 i l
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Table 3. Long Run Source of Variance (Oil  First)

t947 - t974

Sources of Vari ance

1975 - 1990

Coal

Gas

0 i t

Pri ces

Coal

Gas

0 i t

AC

88%

7L

80

5t%

I

0

AG AO

r% lt%

l0  19

3  t7

45%

97

100

4%

2

0

t7
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