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Potential Effects of State Regulatory Agencies on the Post-Decontrol

l{atural Gas }larket

by  Rona ld  H,  Schrn id t

In t roduc t ion

Prices for most categories of natural gas are currently scheduled for

deregulat ion under the Natural Gas Policy Act (t ' tGRA) between 1985 and

1987.  Approx imate ly  60  percent  o f  a l l  gas  w i l l  be  deregu la ted  in  1985

under  the  cur ren t  p lan ,  and the  share  o f  gas  tha t  i s  regu la ted  w i l l

s tead i l y  d imin ish .  Even i f  gas  is  no t  decont ro l led  pr io r  to  1985 th rough

exp l  i c i t  Congress iona l  ac t ion ,  there fore ,  gas  pr ices  are  I i ke ly  to  be

deregu la ted  somet ime th is  decade un less  cont ro ls  a re  ex tended.  G iven tne

suppor t  o f  the  Reagan Admin is t ra t ion  fo r  more  rap id  decont ro l  p lans  to

rep lace  NGPA,  i t  i s  no t  I i ke ly  tha t  recont ro l  p lans  w i l l  be  passed.

In  sp i te  o f  the  h igh  probab i l  i t y  o f  decont ro l  ,  there  has  been

surpr is ing ly  I  i t t le  inves t iga t ion  in to  the  poss ib le  s t ruc tu re  o f  the

natura l  gas  marke t  in  the  absence o f  federa l  p r ice  cont ro ls .  In  near ly

a l l  s tud ies  o f  na tura l  gas  deregu la t ion ,  the  cur ren t  NGPA scenar io  i s

compared to  a  " f ree  marke t "  case. f /  The assumpt ion  invar iab ly  used is

tha t  the  e l im ina t ion  o f  p r ice  cont ro ls  embod ied  jn  NGPA wi l l  resu l t  in  a

marke t  s t ruc tu re  tha t  i s  re la t i ve ly  f ree  (w i th  the  except ion  o f  severance

taxes)  f rom in te r fe rence by  po l i cymakers .

Th is  assumpt ion  may be  very  inaccura te .  G iven tha t  de l i verab le

supp l ies  cur ren t ly  exceed demand,  the  s i tua t ion  may be  more  rem. in iscent  o f

the  o i l  marke t  p r io r  to  7972 - -  a  per iod  in  wh ich  produc t ion  cur ta i lments
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by  the  Texas  Ra i l road Commiss ion  e f fec t i ve ly  es tab l  i shed the  pr ice  o f

c rude o i l  fo r  the  U.S.  Over  80  percent  o f  marke ted  produc t ion  o f  gas  and

63 percent  o f  domest ic  p roven reserves  are  loca ted  jn  Lou is iana,  Texas ,

Ok lahona,  and New Mex ico .  Texas ,  in  par t i cu la r ,  had 25 .6  percent  o f  to ta l

proven domestic reserves of natural gas at the end of lgt; ' ' .U The

poten t ia l  ex is ts ,  there fore ,  fo r  s im i la r  marke t  in te r fe rence f rom s ta te

regu la to ry  agenc ies  wh ich ,  ra ther  than compet i t ion  a lone,  wou ld  se t  tne

pr ice  o f  gas  in  the  marke t .

The probab i l i t y  o f  such in te r fe rence is  fa i r l y  h igh .  I f  decont ro l

resu l ts  in  any  perce ived inequ i t ies  be tween gas  producers  ( fo r  example ,

in tegra ted  p ipe l ine  conpan ies  on ly  buy ing  f ron  producers  owned by  the  same

parent  company) ,  there  w i l I  be  ca l l s  f rom those den ied  access  to  markers

v ja  p ipe l  ines  fo r  renewed prora t ion ing  by  the  s ta te .  The 0k lahoma

Corpora t ion  Commiss ion  (OCC) ,  i t  shou ld  be  no ted ,  exerc ised i t s

prora t ion ing  power  in  1983 to  compensate  fo r  a  rna jo r  surp lus  o f

de l i verab le  gas  in  the  s ta te .

I f  a  s ta te  chooses  to  use  prora t ion ing ,  os tens ib ly  to  ensure  the

access  o f  a l l  gas  producers  to  marke ts  (a t  leas t  a l l  those tha t  can

pro f i tab ly  p roduce a t  the  marke t  p r ice) ,  the  goa ls  o f  the  regu la to ry  body

become very  impor tan t .  A l though agenc ies ,  such as  the  TRC or  OCC,  cannot

by  1aw se t  p r ices ,  any  dec is ion  to  p rora te  a t  less  than 100 percent  o f  the

a l lowab le  leve l  resu l ts  in  h igher  than " f ree  rnarke t "  p r ices .

The purpose o f  th is  paper  i s  to  exp lo re  the  consequences  o f  a  se t  o f

a l te rna t ive  goa ls  tha t  a  s ta te  regu la to ry  agency  migh t  pursue in  se t t ing  a

prora t ion ing  s t ra tegy .  The resu l ts  ind ica te  tha t  assumpt jons  about  the
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ob jec t ives  o f  the  agency  have impor tan t  e f fec ts  on  the  u l t imate  dep le t ion

path  o f  na tura l  gas  and on  the  d is t r ibu t ion  and ieve l  o f  p ro f i t s  across

s ta tes .  The resu l ts  a lso  ind ica te  tha t  the  ab i l i t y  o f  9as  produc ing

s ta tes  to  coord ina te  po l i c ies  d i rec t l y  a f fec ts  the  magn i tude o f  p r ices ,

produc t i  on ,  and pro f i t s ,

The ra t iona le  beh ind  s ta te  regu la t ion  o f  p roduc t ion  is  p resented

br ie f l y  in  Sec t ion  I I .  A  genera l  ana ly t i ca l  rnode l  o f  the  op t ima l

dep le t ion  po l i c ies  fac ing  a  regu la to ry  body  under  a l te rna t ive  se ts  o f

ob iec t ives  is  then deve loped in  Sec t ion  I I I .  A f te r  der iv ing  the  op t ima l

po1 ic ies  fo r  a  s ing le  s ta te  agency ,  the  ga ins  f rom pursu ing  a  coord ina ted

s t ra tegy  to  p roduc ing  s ta tes  (as  we l l  as  the  fo rces  work ing  aga ins t  i t s

s tab i l i t y )  a re  exp lo red  in  Sec t ion  IV .  F ina l l y ,  the  imp l  i ca t ions  o f  the

resu l ts  a re  b r ie f l y  d iscussed in  Sec t jon  V.

I I .  The Rat iona le  fo r  S ta te  Cont ro l  o f  Exhaust jb le  Resource  Dep le t ion

State governments have been endowed with the r ight to control the

dep ie t ion  ra tes  o f  exhaust ib le  resources  loca ted  w i th in  the i r  borders .  In

the  case o f  o i l  and  na tura l  gas ,  severa l  reasons  are  genera l  l y  c i ted  in

suppor t  o f  th is  au thor i ty .  Two reasons  in  par t i cu la r  a re  used to  de fend

the  need fo r  s ta te  regu la t ion :  conserva t ion  and the  pro tec t ion  o f

p roper ty  r igh ts ,  and the  s tab i l i za t ion  o f  marke ts .

The need fo r  conserva t ion  in  the  case o f  o i l  and  gas  can be  seen in

the  deve lopment  o f  the  au thor i ty  o f  the  Texas  Ra i l road Commiss ion  ( fnC) , .U

0 i l  and gas  are  o f ten  found in  reservo i rs  tha t  have many leases  assoc ia ted

wi th  the  fo rmat ion .  Fur thermore ,  the  o i l  o r  gas  f lows f ree ly  across  lease
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boundar ies  jn  reac t ion  to  changes in  p ressure  th roughout  the  f je ld .

Because i t  i s  no t  poss ib le  to  ass ign  proper ty  r igh ts  to  the  var ious

leaseho lders  fo r  a  resource  tha t  i s  con t inuous ly  sh i f t ing  i t s  pos i t ion

re la t i ve  to  the  sur face ,  the  prob lem can be  cons idered an  example  o f  the

"prob lem o f  the  commons"  (Hard in  1968) .  As  long as  produc t ion  quotas  are

based on  the  " ru le  o f  cap ture , "  each owner  has  the  incent ive  to  p roduce as

rap id ly  as  poss ib le  in  o rder  to  ob ta in  a  la rger  share  o f  the  poss ib le

produc t ion .  As  a  resu l t ,  the  dep le t ion  o f  the  reservo i r  occurs

i neff i  c i  entl  y.

Two major  sources  o f  ine f f i c iency  c rea ted  by  rap . id  dep le t ion  can be

ident i f ied .  F i rs t ,  o i l  and  gas  are  most  eas i l y  b rought  to  the  sur face

through the  use  o f  the  na tura ' l  p ressure  w i th in  the  reservo i r ,  o f ten  causeo

by e i ther  na tura l  gas  or  water .  I f  the  reserve  is  dep le ted  too  rap id ly ,

the  geo log ica l  fo r rna t ion  breaks  down premature ly ,  lead ing  to  a  reduc t ion

in  the  po ten t ia l  recovery  o f  o i l  o r  gas  f rom a  g iven reserve .  Second,  the

incent ive  to  p roduce as  rap id ly  as  poss ib le  Ieads  to  excess ive  dr i l l i ng  o f

we l Is  as  p roducers  a t tempt  to  beat  the i r  compet i to rs  to  p roduce o i l  o r

gas .  As  a  resu l t ,  cos ts  o f  p roduc t ion  are  h igher  than they  wou ld  be  w i th

opt ima l  d r i  l  l i ng  ac t iv i t y .

These synptoms of the "problem of the comnons" were demonstrated in

1930.3  The d iscovery  o f  a  ma jor  reservo i r  in  Eas t  Texas  coup led  w i th  the

lack  o f  a  s t rong regu la to ry  body  1ed to  excess ive  dr i l l i ng  and produc t ion ,

Between 0c tober  1930 and the  end o f  1933,  over  12 ,000 we l  1s  were  dr i l led

in  the  Eas t  Texas  f ie ld .  Pr ices  fo r  Eas t  Texas  c rude,  wh. ich  had been

$1.10 /bar re l  in  1930,  d ropped to  as  low as  90 .10  by  the  end o f  1931.  To
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s tab i l i ze  p roduc t ion  and pr ices ,  the  Governor  sent  t roops  to  occupy  the

f ie ld .  In  response to  th is  ac t jon ,  the  TRC was gran ted  the  au thor i ty  to

prora t ion  we l ls  in  each f ie ld  and to  de termine the  min imum spac ing

requ i red  be tween we l ls  to  cont ro l  excess ive  dr i1 l ing ,

The conservation function of the state regulatory body is currently

accompl ished in  Texas  by  the  es tab l i shment  o f  the  "max imum a l lowab le , ,

p roduc t ion  fo r  each we l l .  Th is  max imun a l lowab le  i s  de termined by

geo log is ts  as  the  max imum ra te  o f  ex t rac t ion  tha t  cou ld  be  conducted

without breaking down the formation prematurely. Production from al l

we l l s  fo r  the  f ie ld  a re  then res t r i c ted  by  tha t  leve l  ,  so  a l l  owners  a re

g iven equa l  r igh ts  and I  im i ta t ions  on  ex t rac t ion .

In  add i t ion  to  p revent ing  waste  and pro tec t ing  the  r igh ts  o f  owners ,

however ,  regu la t ion  has  been used to  "s tab i l i ze  d isorder ly  marke ts . "  1n

the  1930 's ,  the  TRC,  to  p ro tec t  the  owners  f rom cu t th roa t  compet j t ion ,

ins t i tu ted  "p r "o ra t ' ion ing . "  Prora t ion ing ,  a long w i th  we i  I  spac ing  ru les

(wh ich  I im i t  the  number  o f  we l l s  tha t  can  be  d r i l l ed  on  a  g iven  lease) ,

I  im i ts  p roduc t ion  f rom a  par t i cu la r  f ie ld  by  se t t ing  the  max inum

product ion  as  a  percentage o f  the  max imum a l lowab le .  In  do ing  so ,  the

s ta te  in tenvenes in  the  marke t  to  l im i t  the  supp ly  o f  o . i l  o r  gas  ava i lab le

fo r  sa le .

I t  j s  th is  la t te r  mot jva t ion  fo r  the  impos i t ion  o f  s ta te  regu la t ions

tha t  i s  the  most  cont rovers ia l .  A l though s ta tes  are  no t  a l lowed to  se t

pr ices  by  1aw,  the  process  o f  p rora t ion ing  can resu l t  in  de  fac to  p r ice

regu la t ion .  As  shown in  Char ts  l  and  2 ,  o i l  p r i ces  remained v i r tua l1y

cons tan t  as  long as  the  TRC main ta ined prora t . ion ing  a t  less  than 100
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CHART 1
THE PENCENT OF THE MAXIMUM EFFICIENT RATE OF PRODUCTION

ALLOWED BY THE TEXAS BAILROAD COMMISSION
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SOURCE: Texas Railroad Commission.
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percent .  I t  i s  no t  a  co inc idence tha t  0PEC was ab le  to  doub le  p r ices  in

the  year  tha t  the  TRC began se t t ing  a l lowab les  a t  100 percent .

Natura l  gas  prora t ion ing  a t  less  than 100 percent  o f  the  max imum

al lowab le  i s  qu i te  poss ib le  subsequent  to  p r ice  decont ro l  .  As  ment ioned

ear l  ie r ,  a rguments  can be  ra ised tha t  many producers ,  espec ia l  l y

independents ,  may no t  be  guaranteed access  to  marke ts  un less  p ipe l ine

compan ies  are  fo rced to  take  gas  f rom a l l  f ie lds .  In  o rder  to  accompl ish

th is ,  i t  may be  necessary  to  use  prora t ion jng .  Fur thermore ,  f rom the

perspective of both owners and state tax revenues, there are incentives to

use the  power  o f  p rora t ion ing  to  max imize  the  va lue  o f  the  gas  reserves .

From the  perspec t ive  o f  end-users ,  on  the  o ther  hand,  the  goa l  o f  the

s ta te  may be  de f ined d i f fe ren t ly  to  be  tha t  o f  cos t  min imizers ,  o r  p r ice

s tab i l  i ze rs .  As  shown in  the  nex t  sec t ion ,  each o f  these ob jec t ives

imp l  ies  very  d i f fe ren t  po l i c ies  toward  the  use  o f  p rora t ion ing .

I I I .  Opt ima l  Pror "a t ion ing  Po l ic ies  fo r  a  S ta te  Regu la to ry  Agency

In  o rder  to  charac ter ize  the  op t ima l  p rora t ion ing  po i  i c ies  o f  an

agency  opera t ing  in  the  in te res ts  o f  a  s ta te  agency ,  i t  i s  f i r s t  necessary

to  spec i fy  the  goa ls  o f  tha t  agency  ( i .e . ,  i t s  ob jec t ive  func t iona l  ) .

Severa l  ob jec t ives  cou ld  be  cons idered p laus ib le  in  the  case o f  na tura l

gas  dep le t ion .  For  the  purpose o f  th is  ana lys is ,  on ly  th ree  ob jec t ives
F I

wi l l  be  cons idered. :1 /  F i rs t ,  the  goa l  o f  max imiz ing  the  present  va lue  o f

ren ts  f rom the  reserve  w i l l  be  used.  In  add i t jon  to  represent ing  the

ob jec t ive  o f  a  s ta te  in te res ted  in  the  we l l -be ing  o f  i t s  na tura l  gas

indus t ry ,  i t  i s  equ iva len t  to  the  goa l  o f  max imiz ing  the  present  va lue  o f
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natura l  gas  produc t ion  taxes  in  the  case o f  a  s ta te  tha t  assesses  taxes  on

the  bas is  o f  the  sa le  p r ice  a t  the  we l1  head.

Second,  the  ob jec t ive  o f  max imiz ing  the  present  va lue  o f  consumer 's

surp lus  i s  examined.  The ob jec t ive  re f lec ts  a  des i re  on  the  par t  o f  the

s ta te  to  look  a f te r  the  needs o f  i t s  consumers ,  as  we l  l  as  a  des i re  on  i t s

part to prevent the imposit ion of federal regulat ions by gas irnport ing

s ta tes .

Th i rd ,  the  imp l  i ca t ions  o f  ma in ta in ing  a  f i xed  pr ice  is  exp lo reo .

Th is  p rocedure  wou. ld  be  cons is ten t  w i th  the  po l  i cy  fo l lowed by  the  TRC in

the  case o f  o i l  fo r  the  per iod  pr io r  to  1973.  Dep le t ion  pa ths  a imed a t

avo id ing  pr ice  f1  uc tua t ions  are  o f ten  cons idered by  leg is la t i ve  leaders .

The prob ' lem o f  de termin jng  an  op t ima l  dep le t ion  pa th  fo r  an

exhaust ib le  resource  l i ke  na tura l  gas  has  been s tud ied  ex tens ive ly  in  the

I  i te ra tu re .  Var ian ts  0 f  Hote l l ing 's  (1931)  semina l  t rea tment  have

pro l i fe ra ted  s ince  the  ear ly  1970 's ,  w i th  ma jor  cont r ibu t ions  by  Dasgupta

and Hea l  (1974) ,  S t ig l i t z  (1974) ,  and o thers .  The case o f  imper fec t

compet i t ion  in  o i l  marke ts  (espec ia l l y  re la ted  to  the  theory  o f  car te ls

w i th  a  compet i t i ve  f r inge)  has  been s tud ied  ex tens ive ly  by  p indyck

(1978a,1978b) ,  and prov ides  a  use fu l  po in t  o f  depar tu re  fo r  the  cur ren t

ana lys i  s .

Assuming tha t  the  reserve  s tock  is  known w i th  cer ta in ty ,  the  genera l

p rob lem can be  mode led  as  the  fo l low ing  sys tem:
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. I
(1 )  Max im ize . , i [  e - r r (u (q ( t )+qa(p , t ) )d t

q  -0

sub jec t  to :  (2 )  i ( t )  =  -  q ( t )

and (s)  / l1t1at.n1o1to

where  u( ' )  =  the  ob jec t ive  func t iona l  fo r  the  dec . is ionmaker ,

q = the current production of the resource by the state,

qa = the production of the resource by producers outside of the

s ta te  wh ich  is  a  func t ion  o f  the  ou tpu t  p r ice ,

r

R

P

= the  d i  scount  ra te ,

=  p roven,  ex t rac tab le  reserves  in  the  s ta te ,  and

= the  ou tpu t  p r ice  o f  the  resource .

In  o rder  to  s imp l i f y  the  prob lem,  two add i t iona l  res t r " i c t ions  are

p laced on  the  prob lem.  F i rs t ,  ex t rac t . ion  cos ts  a re  assumed to  be  zero .

A l though narg ina l  ex t rac t ' ion  cos ts  cou ld  be  ernbedded in to  the  prob lem,

the i r  inc lus ion  wou ld  on ly  compl  i ca te  the  so lu t ion  w i thout  chang ing  the

subs tance o f  the  argument .  Second,  o i l  and  gas  are  assumed to  be

imper fec t  subs t i tu tes ,  and the  pr ice  o f  o i l  i s  assumed to  be  exogenous,

As  a  resu l t ,  i t  i s  poss ib le  to  de termine a  downward  s lop ing  demand fo r

na tura l  gas  w i thout  exp l  i c i t  cons idera t ion  o f  the  o i . i  marke t .  A l though

th is  assumpt ion  o f  no  feedback  f rom natura l  gas  pr ices  to  o i1  p r ices  is

ra ther  s t rong,  OPEC's  p r ic ing  behav jo r  in  the  pas t  has  ev idenced

re la t i ve ly  I  i t t le  o i l  p r i ce  respons iveness  to  changes in  na tura l  gas

prr ces .

The ob jec t ive  func t iona l  ,  U( '  ) ,  can  be  de f ined fo r  the

exper iments  
' l  

i s ted  above in  the  fo l low ing  fo rms:

th ree
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(4 )  U ( ' )  =  P (o ( t )+c  /+ \ \  ^ /+ \. \ r + - ,  l a  \  ! , /  , /  Y \ u . , '
2 ' 1

(5 )  u ( ' )  = /  D(q )dq ,  ana
JO

(6 )  P  =  c

where  D(q)  i s  the  demand fo r  the  ou tpu t ,  q*  i s  the  ou tpu t  a t  t ime t ,  and c

is  a  cons tan t .  Equat ion  4  cor responds to  tha t  o f  a  p ro f i t  max imiz ing

car te l  w i th  a  compet i t i ve  f r inge .  Equat ion  5  re l ies  on  aggregate  consumer

surp lus  f rom consurnpt ion  o f  the  resource  as  a  we l fa re  measure .  The f ina l

fo rm used in  equat ion  6  es tab l  i shes  a  p r ice  ru le  tha t  a l lo ! . l s  a  cons tan t

pr ice  inc rease over  t ime.  ( l io te  tha t  i f  c  =  r ,  tha t  the  la t te r  ru le  i s

Hote l l i ng 's  " r -percen t "  ru le  and  i s  equ iva len t  to  the  so iu t ion  to  5 ) .

Case 1 :  The Pro f i t  Max imizer  Ob jec t ive

Us ing  the  fo rm o f  U( ' )  g i ven  in  equa t ion  4 ,  j t  i s  poss ib le  to  so lve

for  the  op t jma l  dep le t ion  pa th  fac ing  a  p ro f i t  max imizer .  Def in ing

P*(q( t ) )  as  the  demand curve  fo r  the  s ta te 's  p roduc t ion  ( to ta l  demand net

o f  p roduc t ion  by  the  compet i t i ve  f r jnge) ,  the  cur ren t  va lue  Hami l ton ian

can be  wr i  t ten :

(7)  H = e- r t lp* (q( t ) )  q ( t ) l  - r ( t )q( t ) .

Set t ing  the  der iva t ive  o f  7  w i th  respec t  to  q  equa l  to  zero  y ie lds  the

eq ua t  i  on :

(8)  . - t t rqn( t )  =r  ( t ) ,

where  MR( t )= [ (dP* /dq)q ( t )  +  P* ] .  Because  the  der i va t i ve

to  the  s ta te  var iab l  e ,  R ,  i  s  equa l  to  zero ,  i

There fore ,  d i f fe ren t ia t ing  B w i th  respec t  to  t ime y ie lds

fo r  p r i ces  in  th i s  case :

(9 )  MR/MR = r .

o f

the

7 w i th re s pect

equa l  to  zero .

op t ima l  pa th
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Assuming tha t  tax  revenues are  a  cons tan t  share  o f  revenues rece ived by

producers ,  i t  i s  eas i l y  shown tha t  9  i s  an  op t ima l  pa th  fo r  a  government

a t tempt ing  to  max imize  the  present  va lue  o f  j t s  tax  . .u .n rar .9 /

Case 2 :  Max imiz ing  Consumer  Surp lus

By us ing  the  soc ia l  we l fa re  func t ion  de f ined above by  5 ,  the  op t ima l

pr ice  pa th  i s  equ iva len t  to  Hote l  l ing 's  ru le  fo r  a  compet i t i ve  economy.

Because the  der iva t ive  o f  the  soc ia l  we l fa re  func t ion  w j th  respec t  to  q  i s

equa. l  to  the  pr ice ,  P ,  the  op t ima1 ru le  fo r  th is  case can be  shown to  be :

( io )  P lP  =  r ,

wh ich  i s  Ho te l l i ng 's  ru le .

Case 3 :  Constan t  Pr i  ce

To present  the  ex t reme case,  le t  c=0 in  equat ion  6  ( i .e .  ,  the  s ta te

chooses  to  peg pr ices  a t  a  cons tan t  leve l  ) .  The op t ima l  p r ice  pa th ,  by

assumpt i  on ,  i s  g iven  by :

(11)  P /P  =  0 .

Compar ison o f  the  "Opt ima l "  Paths

The op t ima l  quant i t y  t ra jec to r ies  imp l ied  by  the  pr ice  pa ths  ' in  9 ,  10

and 11  are  qu i te  d i f fe ren t .  Note  tha t  a l though the  op t ima l  po l i c ies  a re

s ta ted  in  te rms o f  p r ices ,  the  ins t rument  used by  the  regu la to ry  body  is  a

t ra jec to ry  o f  quant i t y  res t r i c t ions  over  t ime tha t  sa t is f ies  the  des i red

pr ice  pa th .  In  o rder  to  de termine the  op t ima l  quant i t y  pa th ,  as  t ' /e l l  as

the  in i t ia l  p r ice ,  i t  i s  necessary  to  use  the  resource  cons t ra in t  equat ion

in  3 .
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The th ree  a l te rna t ive  po l i c ies  a re  compared in  Char t  3 .  The f i rs t

quadrant  maps the  pr ice  pa ths  over  t ime,  w i th  the  ne t  demand curve

d ' i  sp layed in  the  second quadrant .  The th i rd  quadrant  maps produc t ion  f rom

the pr ice /quant i t y  d imens ion  to  the  quant i t y / t ime d imens ion  shown in

quadrant  IV .  Th ' i  s  las t  quadrant  maps the  aggregate  produc t ion  pa th  over

t ime fo r  each spec i f ied  pr ice  pa th .

The op t ima l  p r ice  and quant i t y  pa ths  shown in  the  char t  a re  de termined

us jng  two equat ions .  F i rs t ,  the  s lope o f  the  pr ice  pa th  i s  de termined

f rom the  op t ima l  pa th  der ived  above in  9 ,  10 ,  and 11 ,  respec t ive ly .

Second,  the  endpo in ts  ( in i t ia l  and f jna l  p r ices)  a re  f i xed  us ing  the

opt ima l  pa th  and the  resource  cons t ra in t .  Th is  cons t ra in t  i s  represented

graph ica l l y  by  the  area  bounded by  the  func t ion  in  quadrant  IV  and the

axes ,  and represents  cumula t ive  use  over  t ime.

Gi  ven the  pr i  ce  pa ths ,  endpo i  n ts  a re  es tab l  i  shed by  choos i  ng  an
' in i t ia l  p r ice  pa th  (a t  t=0) ,  app ly ing  the  Eu ler  equat ion ,  and compar ing

the  to ta l  s tock  used cond i t jona l  on  tha t  s ta r t ing  po jn t  to  the  to ta l  s tock

ava i lab le .  I f  the  aggregate  use  over  t ime exceeds ( i s  less  than)  the

to ta l  s tock ,  the  s ta r t ing  pr ice  is  ra ised  ( lowered)  so  tha t  the  use  in  a l l

per iods  is  decreased ( inc reased) .  Th is  p rocedure  is  fo l lowed un t i l  the

s tar t ing  pn ice  and the  Eu ler  equat ion  exac t ly  exhaust  the  resource  s tock .

A compar ison be tween the  f i rs t  two cases  revea ls  the  usua l  d i f fe rence

between dep le t ion  pa ths  o f  a  compet i to r  and a  monopo l  i s t :  Because the

pr ice  pa th  fo r  a  monopo ' l  i s t ' i  s  s lower  (assuming tha t  the  t ime der iva t ive

o f  the  s lope o f  the  demand curve  is  g rea ter  than or  equa l  to  zero) ,  the

in i t i a l  p r i ce  mus t  be  h igher  ( imp ly ing  a  g rea te r  reduc t ion  in  p roduc t ion ) ,
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but  the  pr ice  inc rease is  s lower  and resu l ts  in  g rea ter  p roduc t ion  in

later peri  ods .-/

The las t  case,  however ,  cannot  be  un ique ly  de termined.  Because tha t

case is  no t  based on  a  p l "esent  va lue  ca lcu la t ion ,  there  is  no  c r i te r ion

wi th  wh ich  to  rank  the  var ious  pr ice  pa ths ,  I f  i t  i s  assumed tha t  the

po l  i cy  shou ld  be  es tab l i shed such tha t  the  max imum va lue  ( in  und iscounted

terms)  shou ld  be  ex t rac ted ,  o r  equ iva len t ly  in  th is  case,  tha t  tne

produc t ion  shou ld  be  shared by  a l l  fu tu re  genera t jons ,  then the  pr ice

shou ld  be  se t  a t  the  max imum pr ice  a t  wh ich  there  is  s t i l l  some demand.

In  tha t  case,  an  in f in i te ly  smal I  p roduc t ion  leve l  wou ld  be  regu la ted

forever.

0n  the  o ther  hand,  i f  the  goa l  were  to  max imize  produc t ion  in  the

shor t  run ,  the  s ta te  cou ld  se t  p r ices  (aga in  ne t  o f  ex t rac t ion  cos ts )

c lose  to  zero .  Produc t ion  wou ld  then occur  a t  the  max imum leve l  fo r  wh ich

there  was su f f i c ien t  demand unt i l  the  resource  was comple te ly  dep le ted ,

a f te r  wh ich  zero  produc t ion  wou ld  occur .  In  th is  case,  p roducers  wou ld

have every  incent ive  to  p roduce as  qu ick ly  as  poss ib le  because the  present

va lue  o f  reserves  in  the  ground wou ld  be  dec l  in ing  over  t ine .  Th is  la t te r

ru le  cou ld  be  op t ima l  fo r  a  s ta te  government  i f  i t  des i red  to  max imize  the

present value of tax revenues from the resource and used a f ixed tax on

each un i t  (as  opposed to  the  un i t ' s  va lue) .

IV .  Ga ins  to  Co l  lec t i ve  Prora t ion ing

In  the  f i rs t  case examined above,  the  revenue max imiza t ion

imp l ied  tha t  ga ins  cou ld  be  ob ta ined f rom us ing  the  monopo ly  power

case

that
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the  s ta te  possessed th rough cont ro l  o f  a  s ign i f i can t  share  o f  to ta ' l

p roduc t ion .  In  th is  sec t ion ,  the  benef i t s  f rom expand ing  tha t  power

th rough the  coord ina t ion  o f  p rora t ion ing  by  regu la to ry  bod ies  in  the  major

produc ing  s ta tes  are  examjned.

The  ga ins  to  coord ina t ing  po l  i c ies  ( i .e . ,  bas ing  dec is ions  abou t

prora t ion inq  leve ls  in  a  co ' l  lec t i ve  agreement )  can  be  seen by  expand ing

equat ion  4  to  inc lude o ther  p roduc ing  s ta tes  exp l i c i t l y ,  Redef ine  U( ' )

bv :

(12)  u(q( t ) )  =  r (q( t )+qu( t )+qo( t ) )q( t ) ,

where  q .  i s  the  produc t ion  by  a  p roducer  ou ts jde  o f  the  "car te l "  and qO is

the  produc t ion  f rom another  s ta te  tha t  chooses  to  coord ina te  p rora t ion ing

po1 ic ies .  The op t ima l  p r ice  pa th  equat ion  tha t  wou ld  resu l t  f rom th is

fo rmula t ion  o f  the  ob jec t ive  func t jona l  i s  unchanged f rom tha t  in  9 ,  bu t

the  pa th  i t se l f  wou ld  be  sh i f ted .  The op t ima l  p r ice  pa th  s t i l l  sa t i s f ies

the  cond i t ion  tha t  marg ina l  revenue grows a t  the  ra te  o f  d iscount ,  bu t  the

marg ina l  revenue func t ion  is  changed.

To see th is ,  marg ina l  revenue cor respond ing  to  12  can be  wr i t ten :

(13) MR(t)  = P + q( t ) [ (aPlaq\  + (2P/aq)@q^/aq1 + (aP/aci@cr/ao)) .

In the previous section, i t  was assumed that aqa/Aq and 0qr/0q were equal

to  zero ,  imp ly ing  tha t  there  wou ld  be  no  ou tpu t  response o f  o ther

producers  to  a  change in  the  s ta te 's  p roduc t ion  leve l  except  in  response

to  changes in  p r ice .  In  th is  case,  wh i le  lqa /Aq is  s t i l l  assuned to  be

zero  (except  inso far  as  p r ices  change)  ,  |qn /aC is  assumed to  be  pos i t i ve :

a reduction in the other member's production would be accompanied by a

reduc t ion  in  the  produc t ion  o f  b 's  ou tpu t  because o f  the  assumeo

coord ina t ion  o f  p rora t ion ing  p1  ans .
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Given pos i t i ve  0q ,o /Aq,  the  s lope o f  the  marg ina l  revenue func t . ion  is

grea ter  than be fore .  Because the  jo in t  dec is ions  inc rease the  marker

power  o f  the  jo in t  regu la to rs ,  monopo ly  p ro f i t  po ten t ia l  i s  inc reased.  As

a resu l t ,  the  ab i l  i t y  o f  p roduc ing  s ta tes  to  coord ina te  p rora t ion ing

po l  i c ies  wou ld  lead to  a  h igher  p r ice  (and there fore  grea ter  supp ly

res t r i c t ion)  in i t ia l l y ,  fo l lowed by  a  s lower  g rowth  ra te  in  p r ices  than

tha t  exper ienced in  the  cases  descr jbed in  Sec t ion  I I I .

The fo rces  work ing  aga ins t  car te l i za t ion ,  however ,  can  a lso  be  seen in

equat ion  13 .  Inc reases  in  marke t  power  a re  ob ta . ined th rough the

assumpt ion  tha t  a  reduc t ion  in  q  w i l l  be  matched a t  leas t  par t ia l l y  by  a

reduc t ion  in  qb ,  Th is  fea ture  o f  the  so lu t ion  imp l ies  tha t  some o f  the

dec is jonmak ing  power  o f  the  regu la to rs  i s  los t .  Fur thermore ,  i f  one

produc ing  s ta te  can renege on  i t s  agreement  w i thout  the  o thers

re ta l  ia t ing ,  tha t  s ta te  s tands  to  benef i t  even more :  as  long as  o ther

s ta tes  res t r i c t  supp ly  to  some degnee,  s ta tes  tha t  do  no t  res t r j c t

p roduc t ion  benef i t  f rom the  pr ice  e f fec t  w i thout  sacr i f i c jng  ou tpu t .

Imp l i ca t ions

The resu l ts  o f  the  s imp le  mode l  p resented  above cas t  some doubt  on  tne

degree to which the natural gas narket can be expected to be free from

regu la t ions  a f te r  p r ice  deregu la t ion .  As  shown in  Sec t ion  I I I ,  on ly  i f

regu la to rs  adopt  an  ob jec t ive  func t iona l  tha t  max imizes  consumer  surD lus

is  the  op t ima l  p roduc t ion  pa th  a l lowed by  the  regu la to r  equ iva len t  to  tha t

genera ted  by  a  f ree  marke t .  I f  the  s ta te  i s  ins tead in te res ted  in  e i ther

prevent ing  pr ices  f rom chang ing  (o r  pegg. ing  them to  a  p r ice  ou ts ide  o f  the
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natura l  gas  marke t )  o r  in  max imiz ing  revenues,  the  op t i rna l  po1 icy  fo r  the

s ta te  requ i res  in te rvent ion  to  res t r i c t  p roduc t ion .

Indeed,  f rom the  perspec t ive  o f  max imiz ing  tax  revenues or  p romot ing

the  hea l th  o f  i t s  na tura l  gas  indus t ry ,  regu la to ry  agenc ies  such as  the

TRC are encouraged to restr ict production. To the extent that producer

s ta te  agenc ies  are  ab le  to  co l lude in  p rora t ion ing  regu la t ions ,  the

ab i l i t y  o f  the  agency  to  rea l  i ze  monopo ly  p ro f i t s  i s  inc reased.

Two cons idera t ions ,  however ,  a f fec t  the  ab i l i t y  o f  the  TRC or  OCC to

cont ro l  the  pr ice  o f  na tura ' l  gas  th rough quant i t y  res t r i c t ions .  F i rs t ,

the  cons t i tu t iona l i t y  o f  exp l i c i t  p ro ra t ion ing  co l lus ion  by  produc ing

s ta tes  cou ld  be  ques t ioned.  Even i f  such  co l lus ion  urere  no t  found to  be

unconst i tu t iona l ,  there  wou ld  be  cons iderab le  p ressure  by  non-produc ing

s ta tes  to  e l jm ina te  the  agreements ,  poss ib ly  by  th rea ten ing  to  re tu rn  to

federa l  p r ice  regu la t ions .

Second,  a l though Texas  and Ok lahoma cur ren t ly  possess  a  la rge  share  o f

to ta j  p roven reserves ,  the  major  new d iscover ies  o f  na tura l  gas  are

occurn ing  in  o ther  s ta tes  (such as  Ca l i fo rn ia  and A laska)  where  the

t rad i t ion  o f  p rora t ion ing  is  less  es tab l  i shed.  There fore ,  wh i le  in  the

short run the TRC and OCC may be able to act as the cartel ,  further

re la t i ve  ga ins  in  p roduc t ive  capac i ty  in  o ther  a reas  o f  the  count ry  may

e i ther  d i lu te  the j r  marke t  power ,  o r  y ie ld  a  new car te l  .  As  a  resu l t ,  the

development of regulatory structures and mandates in these other states

shou ld  be  o f  inc reas ing  impor tance in  the  long run .



l .  Examples  o f  th is  imp l ic i t  assumpt ion  can be  found in  most  s tud ies  o f
the  po ten t ia l  e f fec t  o f  na tura l  gas  deregu la t ion .  For  examples ,  see
U.S.  Depar tment  o f  Energy  (August  l9B1)  and l t iuzzo  (1982) .  A l though
stud ies  o f ten  inc lude cont inued regu la t ion  a f te r  1985,  they  inev i tab ly
n ' rode l  con t inued pr ice  regu la t ion  a t  the  federa l  leve l  .
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Footnotes

Source: Wor' ld0 i l ,  February  15 ,  1983,  p .  144.

+ .

2.

? For  an  exce l len t  ana lys is  o f  the  fo rces  shap ing  the  deve lopment  o f  the
Texas  Ra i l road Conrmiss ion  and i t s  subseouent  ac t ions  toward  o i l  and
gas  p ro ra t ion ing ,  see  Pr ind le  (1981) ,

See Chapter  2  o f  Pr ind le  (1981)  fo r  a  descr ip t . ion  o f  the  events
l  ead i  ng  to  these ac t ions .

0 ther  goa ls  can a lso  be  cons idered.  For  example ,  Pr ind le  (1981)
deta i l s  a  conf l i c t  be tween the  in te res ts  o f  independent  and in tegra ted
producers. Concerns about future generations may also affect the
charac ter iza t ion  o f  the  ob . jec t i ve  func t iona l  i f  the  d iscount  ra te  i s
deemed insuff icient. Furthermore, the spi l  lover effects of gas
exp lora t ion  and deve lopment  on  the  env i ronment  may p lay  a  la rger  ro le
under  cer ta  i  n  assumpt ions .

Th is  equ iva lence ho lds  as  long as  the  tax  ra te  i s  assessed on  va lue
and is  invar ian t  w i th  respec t  to  t ime.  To  demonst ra te  th is ,  equat ion
7 can be altered to represent tax revenues by nrult iplying the term in
brackets  by  T  ( the  tax  ra te ) .  D i f fe ren t ia t i i rg  the  iew-  Hami l ton ian
wi th  respec t  to  q  y ie lds  the  same express ion  found in  8  mu1 t ip l  ied  by
T,  Because T  is  a  cons tan t ,  i t  d rops  ou t  o f  equat ion  9 ,  resu l t ing  in
the same growth rule shown in 9.

Th is  resu l t  was  f i r s t  es tab l i shed  by  Ho te l l i ng  (1931) .  A f te r
rear rang ing  tenms,  equat ion  9  can be  wr i t ten  in  the  fo rm:

i  = "  *  f r (aplaq)q -  (apiaq)q -  (aplaq)61
P' -

The re la t i ve  speed o f  the  compet i t i ve  and monopo ly  p r ice  pa ths  depend
on the  s ign  o f  the  te rm in  b rackets .  The f i rs t  te rm is  negat ive  as
long as  the  demand curve  s lopes  downward .  The f ina l  te rm is  a lso
negat ive  as  long as  quant i t y  supp l ied  fa l Is  over  t ime and the  demand
curve  s lopes  downward .  The midd le  te rm,  however ,  cou ld  be  pos i t i ve  o r
negat ive .  As  long as  d(dp ldq) /d t  i s  nonnegat ive  (o r  ou twe ighed by  the
other  te rms) ,  nonopo ly  p r ices  inc rease a t  a  s lower  ra te  than
conpet i t i ve  p r ices .  I f  the  s lope o f  the  demand curve  is  s ta t ionary
over  t ime ,  th j s  cond i t j on  i s  sa t i s f ied .
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