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Abs tract

Es t imated mode ls  o f  d r i l ) ing  ac t iv i t y  o f ten  use  s ta t ionary  lag

structures of past prices to capture the effects of price expectat ions.

Results from a model of optimal deplet ion by members of a competit ive

f r inge,  however ,  suggest  rep lac ing  the  pr ice  expec ta t ions  var iab le  w i th

the dif ference between expected growth rates in prices and the f irm's

d iscount  ra te  to  exp l  a in  changes in  d r i  l l  i ng  ac t iv i t y .  Us ing  o i l  p r i ce

growth rates for each month estimated with information avai lable at thar

t ime,  empi r i ca l  resu l ts  were  found to  suppor t  the  theore t ica l  c la im Dy

y ie ld ing  be t te r  goodness-o f - f i t  resu l ts  than were  found w i th  mode ls  us inq

l  agged pr ice  s t ruc tu res .
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I ntroduct i  on

One fac to r  assumed to  be  an  impor tan t  de terminant  o f  d r i l l i ng  ac t iv i t y

is  the  expec ta t ion  o i l  and  gas  producers  have about  fu tu re  p r ices  o f  o i1

and na tura l  gas  a t  the  t ime tha t  d r i l l i ng  i s  under taken.  Whether  in  a

cash- f low mode l  fo r  a  f i rm dr i l l i ng  in  an  ind iv idua l  f ie ld ,  o r  in  a  more

genera l  op t ima l  dep le t ion  mode l  fo r  the  en t i re  indus t ry ,  fu tu re  p r jces  are

a  c r i t i ca l  ingred ien t  to  the  dec is ion  process .  The fo rmat ion  o f  p r ice

expecta t jons ,  there fore ,  shou l  d  be  o f  cons iderab l  e  impor tance in

pred ic t ing  and exp la in ing  movements  in  the  r ig  count .

The recent introduction of a futures market for crude oi l  may

eventua l l y  y ie ld  a  good proxy  fo r  p r ice  expec ta t ions .  G iven the  lack  o f

h is to r ica l  exper ience lv i th  the  c rude o i l  fu tu res  marke t ,  however ,

empir ical work attempting to incorporate the effect of price expectat ions

of ten  re l  ies  on  d is t r ibu ted  lags  o f  o i l  and  na tura l  gas  pn ices  to  p roxy

for  expec ta t ions  fo rmat ion .  Ot t  and Norman (1983) ,  fo r  example ,  used the

prev ious  year 's  o i l  and  na tura l  gas  pr ices  as  prox ies  fo r  p r ice

expecta t ions  in  an  annua l  rnode l  o f  d r i l l  i ng  comple t ions .

A l though these mode ls  per fo rm we l l  in  exp la in ing  annua l  leve ls  o f

d r i l l i ng  e f fo r t ,  the  var iab les  used to  p roxy  the  expec ta t ions  e f fec t  have

impor tan t  I  im i ta t ions .  Theore t ica l  mode ls  o f  op t ima l  dep ' le t ion  suggest

tha t  expec ta t ions  about  g rowth  ra tes  o f  p r ices ,  ra ther  than pr ice  leve ls ,
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a re  an  impo r tan t  e l emen t  i n  t he  dec i s i on  p rocess .  Ho te l l i ng r s  ( 1931 )

ru1e ,  wh i ch  i s  o f t en  c i t ed  as  an  examp le  o f  an  op t ima l  p r i c i ng  ru l e ,  l s

desc r ibed  i n  te rms  o f  a  g rowth  ra te  i n  pn i ces .  l t 4ode l  s  o f  d r i l l i ng  and

produc t i on  dec i s ions ,  t he re fo re ,  may  bene f i t  f r om the  i nc lus ion  o f

expec ted  g rowth  ra tes  o f  p r i ces ,  as  we i I  as  the  ac tua l  p r i ces ,  as

exp lana to ry  va r iab les .

The  pu rpose  o f  t h i s  paper  i s  t o  j den t i f y  t he  exp lana to ry  va r iab les

sugges ted  by  op t ima l  dep le t i on  node ls  and  to  app ly  the  resu l t s  o f  t he

mode l  i n  an  emp i r i ca l  mode l  exp la i n i ng  d r i l l i ng  ac t i v i t y .  A l t hough  t he
' I  

i t e ra tu re  i s  rep le te  w i th  op t ima l  dep le t i on  mode ls ,  t he  theo re t i ca l  mode l

p resen ted  be low  d i f f e rs  i n  i t s  assumpt ions  abou t  t he  cho ice  va r jab les  and

cons t ra i n t s  f ac i ng  domes t i c  o i l  p roduce rs .  Espec ia l l y  when  dea l i ng  w i t h

the  domes t i c  o i l  marke t  j t  i s  no t  su f f i c i en t  t o  app ly  the  s imp le  ve rs ion

o f  Ho te l l i ng ' s  r u l e  t ha t  p r i ces  (o r  ma rg ina l  r evenue  i n  t he  case  o f  a

monopo l y )  r i se  a t  t he  ra te  o f  i n t e res t .  Ho te l l i ng r s  r u1e ,  whe the r  f o r  a

compe t i t i ve  f i rm  on  a  monopo l  i s t ,  i s  based  on  the  assumpt jon  tha t  t he

p r i ce  pa th  i s  de te rm ined  endogenous ly  by  the  ac t i ons  o f  rep resen ta t i ve

f j rms :  i f  p r i ces  g row a t  l ess  than  the  d i scoun t  ra te ,  a l I  f i rms  a t tempt

to  p roduce  j n  the  cu r ren t  pe r iod ,  d r i v i ng  down  cu r ren t  p r j ces ,  bu t  ra i s ing

the  p r i ce  j n  t he  fu tu re  (because  the  supp ly  i n  f u tu re  pe r iods  j s

d im in i shed ) .  Th i s  a rb i t r age  e f f ec t  r esu l t s  i n  a  p i i ce  pa th  i n  wh i ch

p roduce rs  ane  j nd i f f e ren t  be tween  p roduc t i on  today  o r  p roduc t i on  i n  t he

future .

When  a  subse t  o f  p roduce rs  se ts  the  p r i ce  pa th  fo r  t he  resou rce ,  as  i s

the  case  today  w i th  OPEC,  the  s i t ua t i on  j s  qu j te  d j f f e ren t  f o r  a  f j rm
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ou ts ide  o f  t he  ca r te l  .  I n  Sec t j on  I I ,  a  mode l  o f  op t ima l  exp . l o ra t i on  and

deve lopmen t  i s  cons t ruc ted  fo r  a  p roduce r  i n  t he  compe t i t . i ve  f r i nge  fac ing

an  exogenous ly  de te rm ined  p r i ce  - -  a  p r i ce  tha t  i s  no t  l l ke l y  t o  r i se  a r

the  f i rmrs  own  d i scoun t  ra te .  Resu r t s  f rom the  theo re t i ca l  moder  i nd i ca te

that not only i  s the expected growth rate of  pr ices an important

exp lana to ry  va r iab le  fo r  d r i i l i ng ,  bu t  t he  d i f f e rence  be tween  exDec teo

inc reases  i n  t he  p r i ce  o f  o i r  and  the  ra te  o f  re tu rn  on  a i t e rna t i ve

i  nves tmen ts  i s  i  mpor tan t .

The  emp i r i ca l  po r t i on  o f  t he  paper  suppor t s  t he  conc lus ions  o f  t he

theo re t i ca l  mode l .  us ing  a  se r ies  o f  expec ted  o i1  p r i ce  g rowth  ra tes

es t ima ted  i n  Sec t i on  I I I ,  ev idence  i s  p resen ted  i n  Sec t i on  IV  to  sugges t

tha t  t h i s  se r i es  o f  es t jma ted  o i1  p r i ce  g rowth  ra tes  (as  we l l  as  the  mean

square  e r ro rs  assoc ia ted  w i th  the  es t ima ted  ra tes )  has  two  advan tages  i n

the  pos t  1973  e ra  ove r  t he  usua j  use  o f  l agged  p r i ces  i n  exp la in ing  the

mon th l y  U .S .  r i g  coun t .  F i r s t ,  f r om a  theo re t i ca l  s tandpo in t ,  t he  mode l

us ing  the  cons t ruc ted  se r ies  has  mo l "e  des i rab le  l ong - run  equ i l i b r i um

proper t i es  than  mode ls  fo rmed  us ing  l agged  o i l  p r i ces .  Second ,  a t  
. l eas r

f rom the  pe rspec t i ve  o f  goodness -o f - f i t  t es t s ,  t he  use  o f  t he  cons t ruc ted

g rowth  ra te  se r ies  has  more  exp lana to ry  power  than  mode ls  i nco rpo ra t i ng

s imp le  1ag  s t ruc tu res  o f  o i1  p r i ces .  conc lus ions  fnom the  theo re t i ca l  and

emp i r i ca l  mode ls  a re  then  p resen ted  j n  Sec t i on  V .
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I I .  The  Theore t i ca l  l t l ode l

The  ro le  o f  t he  g rowth  ra te  o f  p . i ces  i n  an  op t ima l  dep re t i on  moder

invo l v ing  bo th  exp lo ra t i on  and  p roduc t i on  has  been  we l l  es tab l i shed  i n  the

I  i t e ra tu re .  P indyck  (1978) ,  f o r  examp)e ,  compared  op t ima l  p roduc t i on  and

exp lo ra t i on  pa ths  fo r  monopo l i s t s  and  compe t i t i ve  p roduce rs .  Eswaran  and

Lew is  (1984)  expanded  the  P indyck  app roach  to  a l l ow  fo r  t he  fu l i  con t i nuum

of  marke t  s t ruc tu res ,  f rom compe t i  t i  ve  to  monopo l  i  s t i  c ,  where  so l  u t i  ons

were  ob ta ined  i n  noncoopera t . i ve  games .

The  mode l  deve loped  i n  th i s  sec t i on ,  however ,  d j f f e rs  f rom the

p rev ious  resea rch  by  focuss ing  on  the  p roduc t i on  and  exp lo ra t i on  p rob lem

fac ing  a  f l rm  in  the  compe t i t i ve  f r i nge ,  g i ven  tha t  t he  p r i ce  pa th  i s

exogenous ly  de te rm ined .  Ra the r  t han  so l v ing  fo r  t he  op t ima l  p r i ce  pa th ,

the  mode l  de te rm jnes  the  op t ima l  p roduc t i on  and  exp lo ra t i on  pa ths  as  a

func t i on  o f  expec ted  p r i ces ,  a  r i sk  p remjum,  anc l  t he  ra te  o f  re tunn  f , o

a l t e rna t i ve  i nves tmen ts  ( i . e . ,  t he  f i rm rs  d j scoun t  r a te ) .  I n  many

regards '  t he re fo re ,  t h i s  p rob lem i s  more  rep resen ta t ' i ve  o f  t he  dec i s . i on

p rocess  fac ing  o i1  p roduce rs  ou ts ide  o f  OpEC:  G iven  tha t  OPEC pegs  a

p r i ce  fo r  o i1  (wh ich  can  be  a l t e red  by  o the r  t han  economic  fac to rs ) ,  how

shou ld  a  f i rm  p lan  i t s  i nves tmen t ,  d r i l  l  i ng ,  and  p roduc t j on  schedu les  to

max jm ize  the  expec ted  p resen t  va lue  o f  p ro f . i t s?

P indyck rs  (1978)  mode i  p rov ides  a  use fu l  po in t  o f  depar tu re  fo r  t h i s

s tudy .  seve ra l  d i f f e rences  i n  t he  spec i f i ca t i on ,  howeve r ,  a i t e r  p i ndyck rs

Eu le r  equa t i ons .  Mos t  impon tan t l y ,  t he  p indyck  mode l  de te rm ines  the  p r i ce

pa th  o f  t he  resou rce  endogenous ly  based  on  revenue  max im iza t i on  behav io r

by  the  ca r te l .  Th j s  spec i f j ca t i on ,  however ,  has  sevena l  p rob lems .
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A l though  the  recen t  p r i ce  cu t  i n  1983  l ends  ev idence  to  sugges t  t ha t  OpEC

c loes  reac t  t o  some ex ten t  t o  changes  i n  demand  and  p roduc t i on  ou ts ide  o f

OPEC,  the  assumpt jon  tha t  p r j ces  a re  de te rm jned  by  OpEC on  the  bas i s  o f  a

pu re  p ro f j t  max im iza t i on  p rob lem i s  no t  suppor ted  by  p r i ce  h i s to ry .

An  assumpt ion  tha t  wou ld  f i t  more  reasonab ly  w i th  o i l  p r i ce  h i s to ry  . i  s

tha t  o i l  p roduce rs  ou ts ide  o f  opEC t rea t  t he  g rowth  ra te  o f  p r i ces  as  an

exogenous ly  de te rm ined  random va r iab le .  u . s .  domes t i c  o i l  p roduce rs  musr

base  the i r  p roduc t i on  and  exp lo ra t i on  dec i s ions  on  expec ta t i ons  o f  o i l

p r i ces  i n  t he  fu tu re .  These  expec ta t j ons  a re  un l i ke l y  t o  be  made  us ing

game-theo ry-ba sed ol  igopol i  st i  c opt imal depl  et i  on model s that i  ncorporate

feedback  responses  o f  t he  compe t i t i ve  f r i nge ,  such  as  those  i n  Hny i l i cza

and  P indyck  (1975 ) ,  Sa tan t  ( 1976 ) ,  Lew is  and  Schma lensee  (1980 ) ,  and

Eswaran  and  Lew is  (1984) .  I ns tead ,  expec ta t i ons  a re  I i ke l y  t o  re f l ec t

pas t  changes  i n  o i  l  and  gas  p r i ces .

The  p rob lem fac ing  a  t yp i ca l  resou rce  owner  ou ts ide  o f  t he  can te l  can

be  desc r i  bed  as  fo l l ows :

f -
(  1 )  max  /  -o t , ^

,  e  - -  (e .q -c (R,q ) -D(w) )d t
w . o  J  '

o

(2)

(3)

(4)
P=

-q  +  f  (w ,Z)

f (w,  Z  )

( r+e )P

cq,0 ,  cRq(0,  cqq '0

D"*'o

f \vw(0,  fz r0

wi  th  C
K̂

f

,0 ,

) n

)n
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where  q ( t )  i s  resou rce  p roduc t i on  by  the  non -ca r te l  p roduce r ,

w ( t )  i s  t he  exp io ra to r y  e f f o r t  ( i . e . ,  d r i l l i ng )  f o r  add i  ona l

rese rves ,

P ( t )  i s  t he  p r i ce  o f  t he  resou rce ,

R( t )  a re  p roven  resenves  a t  t he  beg inn ing  o f  t he  pe r iod ,

Z ( t )  a re  cumu la t i ve  d i scove r ies  o f  t he  resou rce  to  da te ,

f ( . )  i s  t he  d i scove ry  func t j on  fo r  ne tv  rese rves ,

n  i s  t he  mean  expec ted  g rowth  ra te  o f  p r i ces ,

6  i s  t he  p roduce r r s  d i scoun t  r a te ,

C( . )  i s  t he  p roduc t i on  cos t  f unc t i on ,

D ( . )  i s  t he  exp lo ra t i on  cos t  f unc t i on ,  and

e  i s  t he  r i sk  p remium assoc ia ted  w i th  fu tu re  p r i ces  o f  o i l  (wh ich

can  be  pos i t i ve  o r  nega t i ve  depend ing  on  the  f i rmrs  a t t j t ude

tov ta rd  r i  sk ) .1 /

The  p rob lem fo r  t he  p roduce r ,  t he re fo re ,  i s  t o  se lec t  a  p roduc t j on  and

dr i l l i ng  schedu le  to  max jm ize  expec ted  p ro f i t s  g j ven  an  exogenous  p r i ce

pa th  fo r  o i l ,  a  p roduc t i on  cos t  f unc t i on  tha t  r i ses  a t  an  i nc reas ing  ra te

w i th  p roduc t i on  and  fa l  I  s  w i th  i nc reases  i n  p roven  rese rves ,  and  an

exp lo ra t i on  cos t  f unc t j on  t ha t  r i ses  a t  an  i nc reas ing  ra te  w i t h  d r i l l i ng

e f fo r t ,  Rese rves  a re  assumed  to  r i  se  w i th  d i  scove r ies  and  fa l  I  w i th

cu r ren t  p roduc t i on .  D iscove r ies  o f  rese rves  a re  pos i t i ve l y  re la ted  to

d r i l l i ng  e f fo r t  - -  a l t hough  the re  a re  dec reas ing  re tu l "ns  - -  and  nega t i ve l y

re la ted  to  cumu la t i ve  d i scove r ies .  Th i s  l a t t e r  assumpt ion  i nco rpo ra tes

the  dep le t i on  e f fec t :  as  cumu la t i ve  dJscove r ies  r i se ,  t he  p robab i l i t y  and

cos t  o f  f i nd ing  new rese rves  r i ses ,  even tua l  l y  chok ing  o f f  p roduc t i on .
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The Harn i  l ton ian  fo r  (1 ) - (4 )  can  be  wr i t ten :

(5 )  H  =  
" -6 t (P .q  

-  c (R ,q )  -  D(w) )  +  r1 ( -e  +  f (w ,Z) )  +  r r f (w ,Z)

F i rs t  o rder  cond i t ions  fo r  a  max imum reou i re  tha t :

(6)  aHlaq :  r ,  =

(7)  aH/aw :  l ,  =

- I +
e " " (P -  c^)

q

- 4 ,  +  e  u
.t -W

f

- d t
(8)  aH/aR = -e  CR = - r1

(9)  aHlsz = f ,  ( r1 *  12) = - rz

Di  f f e ren t i  a t i  ng  (6 )

deni vat i  ve | { i th the

(4 )  y i e l ds  t he  Eu le r

wi  th  respec t  to  t ime,  equat j  ng  the

express ion  in  (8 ) ,  and rep lac ing  i l  ana  F

equat i  on  fo r  p roduc t i  on  :

nesu l t i ng

w i th  (2 )  and

(  10)
o  =  ( r -e  -  6 )P  +  69  -  6  ( f  -  q )  -  c

q  qR R
cqq

As  shown  in  (10 ) ,  t he  d i rec t i on  o f  changes  . i n  p roduc t i on  ove r  t ime

depends  to  a  l a rge  ex ten t  on  the  p r . i ce  l eve l  a t  t ime  t  and  the  d i f f e rence

be tween  the  f i r n ' s  d i scoun t  ra te  and  the  expec ted  g rowth  ra te  o f  p r i ces

( tak ing  j n to  accoun t  r i sk ) .  I f  p r i ces  a re  expec ted  to  g row a t  a  s lower

ra te  t han  t he  f i rm rs  d i scoun t  r a te ,  t hen  i . i  s  l i ke l y  t o  be  nega t i ve :  j f
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the  f l rm expec ts  the  d jscounted  va lue  o f  reserves  to  dec l ine

the  f i rm w i l l  seek  to  dep le te  rap id ly .  By  cont ras t .  i f  the

expected  to  r i se  a t  ra tes  exceed ing  the  f i rm 's  d iscount  ra te ,

i s  pos tponed un t i l  fu tu re  per iods .  As  a  resu l t ,  when ( r -6 -e)  . i  s

(g rea ter  than)  zero ,  the  op t ima l  p roduc t . ion  p lan  ca l l s  fo r
jn i t i a ' l  p roduc t ion  w i th  a  dec l ine  ( inc rease)  over  t ime .

Produc t i on  ove r  t ime  a l so  depends  on  the  pa t te rn  o f  d r , i  11 ing  e f fo r t .

I f  d i scove r ies  exceed  p roduc t i on ,  q  can  i nc rease  ove r  t ime .  As  ex t rac t i on

o f  a  resou rce  f i r s t  occu rs ,  d i scove r ies  t yp i ca l l y  exceed  p roduc t i on ,  so  i

i s  l i ke l y  t o  be  pos i t i ve .  As  dep le t i on  p roceeds ,  however ,  t he  d i scove ry

ra te  f a l  i s  and  cos t s  r i se ,  chok ing  o f f  add i t i ona r  d i scove r i es .  The

typ i ca l  pa t te rn  o f  p roduc t i on ,  t he re fo re ,  wou ld  show a  r i se  i n  q

in i t i a l l y ,  f o l l owed  by  a  dec l i ne  as  the  cos t  o f  ob ta in ing  new rese rves

r i ses  and  p roduc t i on  ou ts t r . i ps  add j t i ons  to  rese rves .

The  op t ima l  d r i l l i ng  pa th  can  be  de r . i ved  by  d i f f e ren t i a t i ng  (7 )  w i th

respec t  t o  t ime ,  se t t i ng  the  resu l t i ng  de r i va t i ve  equa l  t o  (9 ) ,  and

rep lac ing  fo r  I r .  A f te r  rea r rang ing  te rms ,  t he  op t ima l  d r i l i i ng  pa th  can

be shown to be:

.  ( 6 - f  )D  + f  C
/ 1 1 \  w  W  w  R
\ J r , ,

D - ( f  D)

over  t ime ,

p r i ce  i s

producti  on

less  than

h ish  (  1ow)

The path descr ibed by

e f fec t  on  p roduc t i  on  cos ts .

I  i  nks  p roduc t i  on  and  d r i  l 1  i  ng  th rough  the

resenves  j nc rease ,  t he  cos t  o f  p roduc t i on

(11 )

As
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i s  assumed  to  fa l  l .  The  a rgumen ts  o f  t he  exp ress ion  on  the  r i gh t  hand

s lde  o f  ( 11 )  a re  a l l  pos i t i ve  w i t h  t he  excep t i on  o f  f nCR.  I f  i n i t i a l

r ese rves  a re  l a rge  ( sma l l ) ,  CR  i s  sma l  l  ( 1a rge ) .  As  a  resu l t ,  i v  i s

pos i t i ve  (nega t i ve ) .  I n t u i t i ve l y ,  i f  i n i t i a l  r ese rves  a re  1a rge ,  t he

reduc t i on  i n  p roduc t i on  cos ts  a f fo rded  by  an  i nc rease  i n  rese rves  i s

sma l i .  The  i n j t i a l  l e ve l  o f  d r i l l i ng ,  t he re fo re ,  . i  s  l i ke l y  t o  be  l ow .  As

rese rves  a re  dep le ted ,  d r i 11 ing  i nc reases  to  rep lace  those  rese rves  to

avo id  the  i nc rease  i n  p roduc t i on  cos ts ,  so  i  i s  pos i t i ve .  Even tua l l y ,  t ne

dep l  e t i  on  o f  rese rves  d r i ves  down  the  p robab i  1  i  t y  o f  d i  scove r i  ng  new

rese rves '  l ead ing  to  an  i nc rease  i n  the  cos t  o f  f i nd ing  an  add i t i ona l

un i t .  Th i s  cos t  f ac to r  even tua l l y  d r i ves  down  d r i l l i ng .

The  op t ima l  d r i l l i ng  pa t te rn ,  t he re fo re ,  depends  i nd i rec t l y  on  the

expec ted  g rowth  ra te  o f  p r i ces  fo r  t he  resou rce .  cons ide r "  two  d i f f e ren t

g rowth  ra tes ,  . 1  and  ,2 ,  h /he re  11  i s  g rea te r  t han  r r .  The  op t jma l

p roduc t i on  pa th  i n  t he  f j r s t  case  e j t he r  g rows  fas te r  ( i f  i  i s  pos i t i ve )

o r  dec reases  a t  a  s lower  ra te  ( i f  i  i s  nega t i ve )  re ]a t i ve  to  the  second

case .  G iven  the  same s ta r t i ng  s tock  o f  rese rves ,  t he  i n i t i a l  p roduc t i on

leve l  i n  t he  11  case  wou ld  be  l ower  than  i n  the  r ,  case ,  g i ven  tha t  t he

cos t  o f  pos tpon ing  p roduc t i on  un t i l  t he  fu tu re  i s  l ower  i n  t he  11  case .

The  d i f f enen t i a l  e f f ec t  on  p roduc t i on  schedu les  a f fec ts  the  oDt ima l

d r l l i i ng  schedu le .  Fas te r  r ese rve  dep le t i on  reads  t o  more  rap id  d r i l l i ng

e f fo r t .  Because  p roduc t i on  cos ts  a re  
' l ower  

i n i t i a l l y  i n  t he  case  w i th  tne

h ighe r  p r i ce  g row th  ra te ,  i n i t i a l  d r i l l i ng  i s  l owe r .  I f  j n i t i a l  r ese rves

a re  1a rge ,  i  i s  pos i t i ve  j n  bo th  cases .  The  f as te r  r a te  o f  dep le t i on  i n

the  11  case  l eads  to  a  more  rap id  i nc rease  i n  d r i l l i ng  to  rep ' l ace  dep le ted
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reserves .  0n  the  o ther  hand,  i f  in i t ia l  reserves  are  1ow,

In  tha t  case ,  the  in i t j a l  l eve l  o f  d r i l l i ng  i s  h . igher  and

dec l ine  i s  fas te r  ln  the  f i r s t  case .

;  i s  nega t i  ve .

the rate of

A  change  in  p r i ce  expec ta t i ons  resu l t Jng  f rom s t ruc tu ra l  sh i f t s  i n  t he

resource  marke t  ( such  as  an  o i l  p r i ce  shock ) ,  t he re fo re ,  can  be  expec teo

to  a l t e r  t he  op t jma l  d r i l l i ng  pa th ,  I f  r  i nc reases ,  t he  ra te  o f  change  in

d r i l l i ng  (a f te r  ad jus t i ng  to  the  new op t . ima i  pa th )  shou ld  be  s lower

(assuming  tha t  i  i s  l ess  than  ze ro ) .  0n  the  o the r  hand ,  t he  ra te  o f

change  i n  d r i l l l ng  shou ld  be  h i ghe r  i f  p r i ce  expec ta t i ons  a re  rev j sed

downward .  Changes  i n  r i sk ,  i t  shou ld  be  no ted ,  wou ld  have  the  same impac r

as  an  i nc rease  i n  r  f o r  f i rms  tha t  a re  r i sk  ave rse .

I I I .  Fo rma t jon  o f  P r i ce  Expec ta t i ons

The  theo re t i ca ' l  mode i  i nd i ca tes  a  po ten t i a l  ro le  fo r  expec ta t j ons

abou t  t he  fu tu re  pa th  o f  p r i ces .  Tes t i ng  the  e f fec t  o f  p r i ce  expec ta t i ons

on  d r i l l i ng  ac t i v i t y ,  o f  cou rse ,  r equ i res  t he  cons t ruc t i on  o f  a  va r i ab le

fo r  p r i ce  expec ta t i ons .  I n  t he  f j nanc ja l  l i t e ra tu re ,  f u tu res  marke ts

o f ten  p rov ide  good  p rox ies  fo r  expec ta t i ons  abou t  f u tu re  p r i ce  j nc reases .

The  I  im i ted  expe r ience  w i th  a  c rude  o i l  f u tu res  marke t ,  however ,  p rec ludes

such  an  aDproach .

P rev ious  a t tempts  to  eva lua te  the  e f fec t  o f  p r i ce  expec ta t i ons  on  tne

p roduc t i on  o f  exhaus t i b le  na tu ra l  nesources  t yp i ca l  l y  re l y  on  s ta t i ona ry

au to reg ress iVe  p rocesses  as  p rox ies  fo r  expec ta t i ons  (Fe ige  and  Geweke

(1979) ,  and  F rank  and  Babunov ic  (1984) ) .  O t t  and  Norman  (1983)  assumed

ra t i ona l  expec ta t i ons  fo rma t ion  and  a rgued  tha t  t he  p rev ious  pe r iod ' s

p r i ce  con ta ined  su f f i c i en t  i n fo rma t ion  to  p roxy  fo r  expec ta t i ons .
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The ser ies  cons t ruc ted  in  th is  s tudy ,  on  the  o ther  hand,  deve lops  a

proxy  var iab le  a t  each po in t  in  t ime tha t  cou ld  have been es t imated a t  the

t ime us ing  ava i lab le  p r ice  da ta ,  r { i thou t  requ i r jng  parameters  on  the

expecta t ions  var iab les  to  be  cons tan t  over  t ime.  Essent ia l l y ,  a t  each

po in t  in  t ime,  t ,  a  coef f i c ien t  fo r  g rowth  ra tes  o f  p r jces  and the  mean

square  er ro r  f rom the  regress ion  were  es t imated  and ass igned to

observa t ' ion  t .  The resu l t ing  t ime ser ies  o f  es t imated  growth  ra tes  and

mean square  er ro rs  were  then used in  the  f ina l  regress ion  equat ion

repor ted  in  Sec t j  on  1V.? /

The es t imated ser ies  were  ob ta ined f rom repeated  regress ions  us ing

ro l l i ng  t ime  hor i zons .  To  s imp l i f y  the  p rob lem,  the  s imp ies t  ve rs ion  o f

Hote l  I ingrs  ru le  was se lec ted  as  the  func t iona l  fo rm to  es t imate  the

growth rates:

(12)  P( t )=P1s ; . '  ' ,

where  r  i s  the  growth  ra te .  A  se t  o f  regress ions  to  es t jmate  r  were  run

us i  ng  the  func t i  on :

(13)  ln (P( t ) )=a  +  r t  +  e ( t ) ,  t=1 , . . . , s

v there  s  i s  the  number  o f  observa t ions  on  the  pr ice  var iab le  used to

es t imate  | ,= '  Es t imates  o f  r  and the  mean square  er ro r  fnom the

regress ion  were  then ass igned to  observa t ion  s .  By  ro l l ing  fo rward  the

in i t ia l  observa t ion  by  one per iod  and re -es t imat ing ,  a  t ime sen ies  is

genera ted .

The da ta  used in  the  regress ions  were  seasona l  l y  ad jus ted  month ly

averages  o f  the  domest ic  re f iner rs  acqu. i  s i t ion  cos t  o f  c rude o i l  in  the

per iod  1974-83.  Three per iod  lengths ,  s ,  were  used to  es t jmate  the  growth
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ra te  and  mean  square  e r ro r :  18 ,  24 ,  and  30  mon ths .  The  t ime  pe r iods  used

are  se lec ted  to  p rese rve  deg rees  o f  f reedom,  wh i  l e  s t i l  l  p rov id ing

su f f i c i en t  obse rva t i ons  to  have  some con f i dence  i n  the  p rec i s ion  o f  t ne

es t ima tes .  The  es t ima tes  o f  r ( s )  and  MSE(s ) ,  t he re fo re ,  have  the

in te rp re ta t i on  o f  t he  es t ima ted  g rowth  ra te  o f  p r i ces  i n  t he  18  mon ths ,

two  yea rs ,  and  two  and  a  ha l f  yea rs  pn io r  t o  pe r iod  s ,  respec t i ve i y ,  and

the  mean  square  e r ro r  f rom those  reg ress ions .

Resu l t s  o f  t he  p rocedure  a re  p resen ted  i n  Char t s  l - 3  fo r  t he  th ree

d i f f e ren t  es t ima ted  se r ies .  Es t jma tes  o f  r  and  MSE a re  p lo t ted  aga ins t

rea l  o i l  p r i ces  ( i ndexed  to  a l l ow  co rnpa r i son ) .  As  shown  in  the  cha r t s ,

a l l  o f  t he  cons t ruc ted  g rowth  ra te  se r " i es  exh ib i t  more  movemen t  than  rea l

o i l  p r i ces  du r ing  the  1979-83  pe r iod  when  p r i ces  rose  rap id l y  and  Lhen

fe l l .  The  MSE te rms  inc reased  du r ing  the  pe r iod  o f  rap id l y  r j s i ng  p r i ces

( resu l t i ng  f r om the  I r an ian  revo lu t i on )  and  f o l l ow ing  t he  p r i ce  dec l i ne

tha t  began  i  n  1981 .  Compar i  ng  ac ross  the  cons t ruc ted  se r i  es  !  t ne

es t ima tes  deve loped  w i th  the  sho r te r  t jme  ho r i zons  exh ib i t ed  a  fas te r

response  to  p r i ce  changes ,  w i th  a  l a rge r  ave rage  MSE as  wou ld  be  expec ted .

The  re la t i onsh ip  be tween  the  cons tnuc ted  g rowth  ra te  se r ies  and

a l te rna t j ve  i nves tmen ts  (wh ich  i s  assumed  to  be  a  pnoxy  fo r  t he  f j rm 's

d j  scoun t  r "a te  wh jch  was  ava i l ab le  to  dec i s jonmakers  a t  t ime  t )  i s  a l so  o f

cons ide rab le  i n te res t .  The  annua i i zed  es t ima ted  g rowth  ra te  se r ies  fo r

the  30  mon th  case  i s  p lo t ted  i n  Char t  4  aga ins t  t he  ave rage  y ie ld  on

co rpo ra te  bonds .  As  shown  in  the  cha r t ,  t he  expec ted  g rowth  ra te  o f  o i l

p r i ces  was  cons ide rab i y  above  the  re tu rn  to  o lhe r  j nves tmen ts  be tween  the

midd le  o f  1 ,97 I  and  Apr i l  1 ,982 .  No t  su rp r i s i ng l y ,  t he  r i g  coun t  f o r  t he
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Char l  1 .
THE IS.MONTH CASE. COMPARISON OF THE CONSTRUCTED OIL PRICE GBOWTH RATE SERIES

AND MEAN SQUARE ERROR SEBIES TO REAL OIL PFICES.
(lndox€d by setting the mean of €ach series tor the p€riod tg76-1989 = .lo0l
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Chart 2.
THE 24.MONTH CASE. COMPARISON OF THE CONSTRUCTED OIL PBICE GROWTH RATE SERIES
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chad 3.
THE 3GMONTH CASE. COMPARISON OF THE CONSTRUCTED OIL PRTCE GROWTH RATE SERIES

AND MEAN SOUARE ERROR SERIES TO REAL OIL PRICES.
(lndexed by setting the mean ol each series tor the geriod 1976_1983 = i00l
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U.S.  h i t  an  a l l - t ime h igh  in  December  1981.  G iven the  inc rease in  the  MSE

var iab le  dur lng  the  ear ly  par t  o f  1982,  there fore ,  movements  in  the  pr jce

growth rate adjusted for r isk would be expected to correspond closely f ,o

movements  in  the  r ig  count .

IV .  Emp i  r i  ca l  Ev idence

The  op t ima l  p roduc t i on  and  exp lo ra t i on  pa ths  . i n  equa t i ons  10  and  11

hypo thes i ze  a  re la t i onsh ip  be tween  d r i l l i ng  and  the  g rowth  ra te  o f  o i l

p r i ces  re l a t i ve  t o  a l t e rna t i ve  i nves tmen ts  ( 6 ) ,  ad jus ted  f o r  r j s k .  G i ven

the  s lmp i  i f y i ng  assumpt ions  requ i red  to  keep  the  op t ima l  dep le t i on  p rob lem

t rac tab le ,  o the r  f ac to rs  1 i ke1y  to  be  impor tan t  i n f l uences  were  exc luded .

The  emp i r i ca l  mode i  p resen ted  be1ow,  the re fo re ,  i nc ludes  o the r  va r iab les

tha t  a re  l i ke l y  t o  j n f l uence  d r i l l i ng  ac t i v i t y .

Fo l l ow ing  the  s tudy  by  O t t  and  Norman  (1983) ,  d r i l l i ng  was  assumed  to

be  a  func t i on  o f  d r i l l  i ng  cos ts ,  t he  rea l  p r i ce  o f  na tu ra l  9as ,  t he

cu r ren t  rea l  p r i ce  1eve1  o f  o i1 ,  as  we l I  as  the  expec ted  g rowth  ra te  fo r
A /

f u tu re  o i l  p r i ces , f /  The  p r i ce  expec ta t i ons  va r iab le  used  by  O t t  and

Norman  was  rep laced  w i th  the  cons t ruc ted  o i1  p r . i ce  g ro tv th  ra te  va r iab le

sub t rac ted  f rom the  ave rage  y ie id  on  co rpo ra te  bonds .  The  e f fec ts  o f  r l sk

were  p rox ied  th rough  the  j nc lus ion  o f  t he  cons t ruc ted  MSE t ime  se r jes .

Fu r the rmore ,  t o  cap tu re  the  e f fec ts  o f  changes  i n  the  bus iness  cyc le  on

d r i l l i ng  ac t i v i t y ,  U .S .  i ndus t r i a l  p roduc t i on  was  i nc l uded .

The  es t ima ted  mode l  i s  o f  t he  fo rm:

(14 )  l n (R IG( t ) )  =  u0  *  . 1 l n (0 IL ( t ) )  +  a2 ln ( cAS( t ) )  +  a3 ln ( iP ( t ) )

+  a4R ( t )  +  asMSE( t )  +  a6 (C0ST( r ) )  +  r ( t )
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where  RIG is  the  seasona l  l y  ad jus ted  month ly  r ig  count ,

OIL  is  the  seasona l  l y  ad jus ted  rea l  p r ice  o f  o i1 ,

GAS is  the  seasona l ly  ad jus ted  rea l  p r ice  o f  na tura l  gas ,

IP  i s  the  seasona l  l y  ad jus ted  leve l  o f  U .S .  indus t r ia l

producti  on ,
*

R is  the  cons t ruc ted  expec ta t ions  ser ies ,  de f ined by :
*

R ( t )  =  ( r ( t ) -6 ( t ) ) t ,  where  r ( t )  i s  the  es r imated  ser ies

f rom Sect jon  I I I ,  and  6( t )  i s  the  average re tu rn  on

corpora te  bonds,

MSE is  the  mean square  er ro r  ser ies  fnom Sect ion  I I I  (mu l t ip l jed
q /

bY t ime): '  ,  and

COST i s  t he  seasona l l y  ad jus ted  mon th l y  i ndex  o f  d r i l l i ng  cos ts .

The  fo rm o f  equa t i on  14  i s  used  to  a l l ow  s t ra igh t fo rward  i n te rp re ta t i on  o f

the  coe f f i c i en ts .  Coe f f i c i en ts  on  va r iab les  o the r  t han  R*  and  l ' lSE  can  be

cons ide red  e l as t j c i t j e s ,  wh i l e  t he  coe f f i c i en t s  on  R*  and  MSE y i e l d  t he

mu l t i p l  i e r s  fo r  changes  i n  expec ted  g rowth  ra tes  and  r j sk  p rem, iums  on  the

ove ra l I  g rowth  i n  t he  r i g  coun t .

Resu l t s  o f  t he  es t ima t ions  a re  p resen ted  i n  Tab le  l  f o r  t he  mode l  w . i t h

and  w i thou t  d r i l l i ng  cos ts  fo r  each  o f  t he  th ree  p roxy  se r ies r .  As  shown

in  t he  t ab le ,  t he  f u l l  mode l  i nc l ud ing  d r i  11 ing  cos t s  y i e l ded  a  pos j t i ve

and  s . i gn i f i can t  re la t i onsh ip  be tween  d r i l l i ng  cos ts  and  the  r j g  coun t  f o r

each  l ag  s t ruc tu re  used  to  fo rmu la te  the  expec ta t i on ,  , " " j " r . ! /  Seve ra l

p rob lems  a re  known  to  ex i s t  w i th  the  d r i l  l i ng  cos t  i ndex  used  i n  th i s

s tudy , l '  bu t  abs t rac t i ng  f rom those  i ssues ,  t he  more  fundamen ta l  p rob lem

o f  s imu l t ane i t y  b i as  i s  r a i sed .  The  supp l y  o f  r i gs ,  i t  can  be  a rgued ,  i s
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TABLE 1 :  Regress i  on  Resu l ts
Gas I  ndu s t .R

La
0 i l

Const .  Pr i  ce
u r l t l

Co s t

Ad j .
^2
K

ul i th

18

Pr i  ce

dr i  I  I  ing  cos ts  i

5 .398  .212  .013  .205
(3 .5e)  (2 .03)  ( .13 )  ( .0s ;

5 .270  .207  .145  .242
(3 .66)  (1 .e8)  (1 .s0 )  ( .85 )

4 .305  .200  .16 i  .471
(2 .e7)  (2 .1s )  (1 .88)  (1 .s6 )

.73

.  / o

24

30

. J O

.45

. b l

.109  .027
(s .82)  (2.6s)

.142  .001
(7  .27 )  ( . r0 )

.  153 .003
(8.1s)  ( - .0e)

.74
(  r0 .52)

-  t a
(11 .83)

1 .03
(  10 .  07)

- .24
( -2 .34)

-  .46
( -4 .  e5 )

- .49
( -s.3e)

- .29
( -2 .  e3)

Z .  ! J 6

(4 .e6)

1 .720
(4.40)

1 .727
(3.44)

Exc l  ud i  ng

(3 .21)

24  5 .696
(3 .38)

30  4 .  154
(2 .61)

d r i l i i ng

e q 1

(3 .e0)

,  5 d J

(3 .86)

2qa

(3 .43)

cos ts :

1 n )
(  1 .42)

.  L ' J

(1 .88)

.  149
(  1  .84)

.020
(  1 .65)

.008
(  .73 )

.008
(  .78 )

1 .37
(14 .71)

1 .40
/ 1 q  2 ? \

r . 1 0
(11 .48)

.  t v L  .  u o 5
( . s5 )  (2 .60)

.  164  .103
(  .4e)  (3.  es)

.516  . ) ,37
(1.56)  (5.es)

Notes :

1 .  A l I  va r i ab les  excep t  R*  and  l lSE  a re  i n  l ogs .  The  R*  and  MSE
var iab ies  a re  mu l t i p l i ed  by  t ime .  Coe i f j c i en ts  on  the  l ogged
var iab les  can  be  j n te rp re ted  as  e las t . i c i t i es ,  wh i l e  

- [ f , e

coe f f i c i en ts  on  g rowth  ra te  te rm and  MSE,  when  mu l t i p l i ed  by  those
va r iab les  (no t  mu l t i p l i ed  by  t ime) ,  rep resen t  g rowth  ra tes .

t - s ta t i  s t i  cs  a re  i  n  pa ren thes i  s .

R  i s  de f i ned  as  the  d i f f e rence  i n  the  es t ima ted  g rowth  ra te  o f
o i 1  p r i ces  (nom ina l )  f r om the  p rev ious  s  pe r . i ods  ( i he re  s  i s  g i ven
in  the  f i r s t  co lumn o f  t he  tab le )  and  the  ave rage  y ie l i  on
co rpo ra te  bonds .  MSE i s  t he  mean  square  es t ima te  se r ies  f rom the
negress ions  genera t i ng  the  es t ima ted  g rowth  ra te  se r jes .

2.

4 .  Rho  and  RhoZ  a re  f i r s t  and  second  au toco r re la t j on  pa ramete rs ,
respec t j ve l y ,  genera ted  j n  t he  au toco r re la t j on  co r rec t i on
p rocedure .
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ine las t i c  i n  t he  sho r t  run ,  so  changes  i n  the  demand  fo r  r i gs  a re  l i ke l y

to  have  a  pos i t i ve  e f fec t  on  d r i l l i ng  cos ts :  I f  demand  r i ses ,  p r i ces  a re

b id  up .  Th i s  resu l t  sugges ts  tha t  a  p rope r  t rea tmen t  o f  d r i l l i ng  cos ts

requ l res  a  s imu l taneous  equa t ions  mode l  w i th  bo th  supp ly  and  demano

equa t ions  fo r  d r i l i i ng  r i gs .  Fo r  t he  pu rposes  o f  t h i s  s tudy ,  however ,

th i s  resu l t  i nd i ca tes  tha t  a  reduced  fo rm mode l  exc lud . i nq  d r . i  l l i no  cosEs

wou l  d  be  more  app"op" ia te . ! /

Coe f f i c j en t  es t ima tes  fo r  t he  mode l  exc iud ing  d r i l l i ng  cos ts  a re

p resen ted  i n  the  second  bank  o f  Tab le  1 .  One  o f  t he  more  i n te res t i ng

resu l t s  i nvo l ves  the  r "e la t i ve  s ign i f i cance  o f  t he  cons t ruc ted  R*  va r iab le .

Espec ia l  l y  i n  t he  24  and  30 -mon th  mode ls ,  t h . i  s  cons t ruc ted  va r jab le  has

g rea te r  s i gn i f i cance  t han  o i l  p r i ces  i n  exp la i n i ng  r j g  ac t i v i t y .

The  e f fec t  o f  t he  number  o f  obse rva t i ons  used  to  es t ima te  the  g rowth

ra te  can  a l so  be  seen  ' i  n  changes  i n  t he  re l a t i ve  s i gn i f i cance  l eve l s  o f

the  R  and  l t 4SE va r jab les .  As  s  i nc reases  f rom 18  to  30  obse rva t j ons ,  t he

MSE va r i ab le  becomes  i nc reas ing l y  i ns i gn i f i can t ,  wh i l e  t he  R*  va r i ab le

becomes  more  s ign i f i can t .  Th i s  resu l t  can  be  i n te rp re ted  as  e i t he r

imp roved  p rec i s i on  i n  es t ima t i ng  R*  ( imp l y l ng  a  dec l i ne  i n  t he  MSE

var iab le )  because  o f  t he  ga in  i n  deg rees  o f  f reedom . i n  t he  i n i t i a l

es t jma t ion ,  o r  t ha t  t he  30  mon th  mode l  be t te r  reo resen ts  the  dec i s ion

p rocess  used  by  d r i  l  1 i  ng  f i  rms .

The  coe f f i c i en t  on  the  l lSE  va r iab le ,  however ,  does  no t  have  tne

expec ted  s i9n .  I f  f j rms  a re  r i sk -ave rse ,  t he  MSE coe f f i c i en t  wou ld  be

expec ted  t0  be  nega t i ve .  i nsLead ,  t he  resu l t s  i n  Tab le  1  sugges t  t ha t

d r i  1  1  i  ng  f i  rms  a re  more  1  i  ke l y  t o  be  r j  sk -neu t ra l  o r  r J  sk - take rs .  Th ree
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exp lana t i ons  can  be  o f fe red  fo r  t hJs  resu l t .  F i r s t ,  t he  p roxy  used  fo r

r i sk  - -  t he  mean  square  e r ro r  assoc ia ted  w i th  the  es t ima ted  g rowth  ra te  o f

o i l  p r i ces  may  no t  be  app rop r ia te .  Second ,  i t  cou ld  be  a rgued  tha t

d r i l l i ng  f i rms  a re  more  w i l l i ng  t o  t ake  r i s ks  t han  f i rms  i n  o the r

indus t r j es .  D r i l ) i ng  f i rms ,  espec ia l  l y  w i l dca t te rs ,  a re  o f ten  assumed  to

be  w i l l i ng  t o  d r i l l  i n  a reas  whe re  t he re  i s  s i gn i f i can t  r j s k  t ha t  no  o i l

o r  gas  w i l l  be  found .  Th i rd ,  t he  pos i t i ve  re la t i onsh ip  be tween  MSE and

dr i l l i ng  cou ld  be  the  resu i t  o f  t he  pe r jod  used  i n  the  es t ima t ion .  l { i t h

the  excep t j on  o f  t he  end  o f  t he  es t ima t ion  pe r iod ,  t he  occas ions  l r i t h  t he

la rges t  va r i ance  i n  the  es t jma tes  o f  g rowth  ra tes  l t e re  assoc ia ted  v t i t h

pe r iods  o f  sudden  p r i ce  j nc reases .

Na tu ra l  gas  p r i ces  a re  found  to  have  a  pos i t i ve  re la t i onsh ip  w i th

d r i l l i ng  e f f o r t .  A l t hough  t he  coe f f i c i en t s  a re  no t  s i gn i f i can t l y

d i f f e ren t  f rom ze ro  a t  t he  95 -Dercen t  con f i dence  l eve l  i n  a  two - ta i l eo

tes t ,  t hey  a re  su f f j c i en t l y  s ign i f i can t  t o  re jec t  a  one - ta i l  t es t  o f  t he

nu l i  hypo thes i s  t ha t  na tu ra l  gas  p r i ces  a re  nega t i ve l y  re la ted  to  d r i  l l i ng

a t  t he  95 -pe rcen t  con f j dence  l eve l  .

F i na11y ,  U .S .  i ndus t r i a l  p roduc t i on  had  an  i ns i gn i f j can t  e f f ec t  on

d r i 11 in9  i n  t he  d i f f e ren t  mode i s .  G i ven  t ha t  o i 1  p r i ces  we re  con t ro l l ed

a t  be low  marke t - c lea r ing  p r i ces  p r " i o r  t o  1981 ,  and  tha t  o i l  impor t s ,

r a the r  t han  domes t j c  o i 1 ,  a re  t he  marg ina l  sou rce  o f  o i l ,  t h i s  r esu l t  i s

no t  su rp r i s i ng .  Changes  j n  bus iness  cond i t i ons  tha t  a f fec t  t he  demand  fo r

o i l  do  no t  necessa r i  1y  a f fec t  t he  demand  o r  p r i ce  o f  domes t i c  o i l  t o  a

s i  gn  i  f i  can t  deg ree .
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The  advan tages  o f  us ing  the  es t ima ted  g rowth  ra te  se r ies  i ns tead  o f  a

mode l  us ing  a  l ag  s t ruc tu re  fo r  o i l  p r i ces  a re  exp lo red  i n  Tab le  Z .  I n

the  tab le ,  t he  3o -mon th  mode l  i s  compared  to  reg ress lons  tha t  use  up  to

th ree  l ags  o f  rea l  o i l  p r i ces  i ns tead  o f  t he  es t ima ted  R*  and  MSE

var iab les .  As  shown  in  the  tab1e ,  t he  mode l  us ing  the  es t ima ted  g rowth

ra tes  has  a  h ighe r  ad jus ted  R2  repo r ted  than  any  o f  t he  o the r  mode l  s ,

l end ing  some suppor t  f o r  us ing  the  g rowth  ra te  mode l .

Fun the rmore ,  f rom a  dynamic  equ i  l i b r i um s tandpo in t ,  t he  g rowth  ra te

mode l  has  a  more  use fu l  behav io ra l  i n te rp re ta t i on .  I f  r ea l  o i l  p r j ces  a re

cons tan t ,  t he  va lue  o f  t he  cons t ruc ted  va r iab le  . i  s  nega t j ve  as  l ong  as  the

rea l  ra te  o f  re tu rn  to  o the r  i nves tmen ts  i s  pos i t i ve .  As  a  resu l t

cons tan t  r ea l  o i l  p r i ces  shou ld  y i e l d  a  dec reas ing  r i g  coun t  ove r  t ime .

In  pa r t i cu la r ,  t he  es t ima tes  imp ly  tha t  g i ven  a  rea l  1O-pe rcen t  annua l

ra te  o f  re tu rn  on  a l t e rna t i ve  i nves tmen ts  and  cons tan t  rea l  o i l  p r i ces ,

the  r i g  coun t  wou ld  dec l i ne  by  app rox ima te l y  1 .4 -pe rcen t  pe r  yea r .  By

con t ras t ,  es t ima ted  coe f f i c i en ts  on  o i l  p r i ces  i n  t he  l agged  o i1  p r i ce

mode ls  (wh lch  tend  to  be  pos i t i ve )  wou ld  no t  f o recas t  f a l1 . i ng  r i g  coun ts

' i n  t he  case  o f  cons tan t  rea l  o i l  p r i ces .  G iven  tha t  ex t rac t i on  cos ts  a re

1 i ke1y  t o  r j se  ove r  t ime ,  a  f o recas t  o f  dec l i n i ng  d r i l l i ng  ac t i v j t y  i n

response  to  cons tan t  rea l  o i l  p r i ces  wou ld  be  more  theo re t i ca l  l y  appea l i ng

than  a  fo recas t  o f  a  cons tan t  l eve l  o f  r i g  ac t i v i r y .
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TABLE 2 :  Compar i  son  w i th  Lagged  Pr i ce

Regressors R Case L=0 L=l L ?

Gas Pr i  ce

I ndu st.  P r"od .

T,ISE

0 i  I  Pr i  ce

0J l  P r i  ce  ( t -1 )

0 i l  P r i ce  ( t -2 )

0 i l  P r i  ce  ( t -3 )

Ad j .  R '

Rhol

Rho2

. O I  . J J

1.15  1  .30
(11 .48)  (13 .43)

- .29  - .40
( -2 .e3)  ( -4 .10)

.45  .52

.88  1 .13
(16 .58)  (11 .18)

- .28
( -2 .78)

Mode I s

L=3

4 .154  4 .431  3 .212  2 .850  3 .024
(2 .61)  (2 .46)  (  1 .8s )  (  1 .67)  (  1 .76)

.149  .052  - .098  - .  113  -  . r23
(1 .84)  ( .6e )  ( -1 .01)  ( -1 .2e)  ( - ! .27 )

.s15 .357 .538 .607 .553
(1.s6)  ( .e8)  (1.s3)  (1.7s)  (1.5e)

. t37
(s. ee)

.008
(0 .78)

.299 .528 .045 .  100
(3 .43)  (5 .45)  ( .21 )  ( . s3 )

.2 i .7  .244r'_lt' rr.l;l
(  1 .  e8)

.015
( .07)

.289
(  1 .06)

.338
(  1 .2s)

.107
( .52)

.46

.87
(16.91)
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V.  Conc l  us ions

The  inco rpo ra t i on  o f  expec ta t i ons  abou t  t he  g rowth  ra te  o f  o i1  p r i ces

re l a t i ve  t o  a l t e rna t i ve  i nves tmen ts  i n t o  mode l s  o f  d r i l l i ng  i s  appea i  i ng

f rom bo th  a  theo re t i ca l  and  emp j r i ca l  s tandpo in t .  Theore t i ca l1y ,  i t  i s

reasonab le  to  expec t  a  p rospec t i ve  d r i l l i ng  f i rm  to  base  the i r  dec i s ion  to

inves t  i n  d r j l l ' i ng  on  the  expec ted  re tu rn  to  tha t  i nves tmen t  re la t i ve  to

o the r  i nves tmen ts .  I t  was  shown  tha t  t he  d i f f e rence  be tween  exDec ted

p r i ce  g roh t th  ra tes  and  l he  f i rmrs  d i scoun t  ra te  i s  espec ia l  l y  impor tan t

fo r  f i rms  tha t  a re  pa r t  o f  t he  compe t j t i ve  f r i nge  fac ing  unce r ta in  fu tu re

p r i ces .  Emp i r i ca l  l y ,  t he  expec ta t i ons  va r iab les  c rea ted  i n  Sec t ' i on  I I I

we re  shown  to  have  g rea te r  s ign i f i cance  than  o i l  p r i ces  i n  a  mode l  o f  t he

mon th l y  U ,S .  r i g  coun t .  Fu r the rmore ,  t he  mode l  us ing  the  cons t ruc ted

expec ta t i ons  va r iab les  were  shown  to  have  be t te r  goodness -o f - f i t  and

long - run  equ i l i b r i um  cha rac te r i  s t i c s  t han  mode l  s  us i ng  up  t o  t h ree  l ags  i n

the  rea l  o i l  p r i ce  se r i es .

The methodology used to create a ser ies of  expected growth rates

showed  some p romise ,  a l t hough  the re  were  some d i f f i cu l t j es .  The  app roach

used  in  Sec t i on  I I I  was  unab le  to  immed ia te l y  i nco rpo ra te  ma jo r  changes  i n

the  pe rcep t i on  o f  o i1  p roduce rs  resu l t i ng  f rom shocks  to  the  marke t .  The

recen t  c rea t i on  o f  a  c rude  o i l  f u tu res  marke t  may  y ie ld  a  be t te r  p roxy  fo r

p r i ce  expec ta t i ons  tha t  i nco rpo ra te  more  j n fo rma t ion  abou t  chang ing

percep t j ons  i n  t he  marke t ,  o the r  t han  those  tha t  can  be  fo rmed  us ing

lagged  ad jus tmen ts  to  p r i ce  movemen ts .  Fu r the rmore ,  as  da ta  becomes

ava i  l ab le  i t  shou ld  p rove  i n te res t i ng  to  obse rve  i f  t he  expec ta t i ons

fo rma t ion  p rocess  as  measured  he re  i s  a l t e red  as  p roduce rs  syn thes i ze

in fo rma t ion  f rom the  fu tu res  marke t  i n to  the i r  cu r ren t  d r i  l l i ng  dec j s ions .
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Footn otes

l . The  d i f f e rences  w i th  the  P indyck  mode l  a re  rap id l y  apparen t .  F i r s t ,
t he  p r i ce  pa th  i s  g i ven  exp l i c i t l y  as  a  cons t ra j n t .  Second ,  t he
p roduc t j on  cos t  f unc t ' i on  (wh ich  was  an  ave rage  cos t  f unc t i on  i n  t he
P indyck  mode l )  i s  a  to ta l  cos t  f unc t i on .

Th is  separa te  fo rmu la t i on  o f  an  expec ted  p r i ce  se r ies  a l l ows  the  f i na l
es t ima tes  repo r ted  i n  Sec t i on  IV  to  be  used  i n  a  l i nea r  mode l .  A
s im i l a r  resu l t  cou ld  be  ob ta jned  by  i nco rpo ra t i ng  the  expec ta t j on
func t i on  d i r ec t l y  i n t o  t he  f i na l  equa t i ons  and  us ing  non l i nea r
es t ima t j  on .  The  on ' l y  d  i f f e rence  be tween  the  two  me thods  i  s  t he
assumed  e r ro r  s t ruc tu re  under l y ing  the  mode l  .  I t  i s  assumed  in  th i s
s tudy  tha t  i t  i s  app rop r ia te  to  use  the  es t ima ted  r  and  l ' , lSE  va r iab les
in  the  f i na l  reg ress ion  equa t ion  and  assume tha t  t he  e r ro r  t e rm in  the
f i na ' l  r eg ress ion  i s  no rma l  l y  d i s t r i bu ted  w j th  mean  ze ro .  The  exp l i c i t
behav io ra l  assumpt jon  i s  t ha t  a  d r i l l i ng  f i rm  uses  the  expec ted  g rowth
ra te  and  s tandard  e r ro r  i n fo rma t ion  i n  mak ' i  nq  the i r  dec i s ions  a t  t ime
t .

3.  A l te rna t ive  pr ice  expec ta t ions  mode ls  fo rmed w i th  ARIMA processes  are
not  poss ib le  g iven the  abrupt  sh i f t s  in  o i1  p r ices  exper ienced dur jng
th i  s  pe  r i  od .

0 i1  ( r e f i ne r r s  domes t i c  acqu i s i t i on  cos t )  and  na tu ra l  gas  p r i ces  ( t he
p roduce r  p r i ce  j ndex  fo r  na tu ra l  gas )  were  de f l a ted  by  the  consumer
p r i ce  i ndex  to  ge t  r r rea l ' r  p r i ces .  Because  the  g rov i th  ra te  se r ies  was
ob ta ined  f rom es t ima t ions  us ing  nomjna i  ra the r  t han  rea l  o i  l  p r i ces ,
the  g rowth  ra te  se r ies  used  i n  the  reg ress ions  l n  Tab le  1  can  be
in te rp re ted  as  " rea l "  g rowth  ra tes  as  l ong  as  the  i n f l a t i ona ry
expec ta t i ons  componen t  i n  t he  g rowth  ra te  se t " i es  i s  t he  same as  tha t
embedded  in  the  ave rage  y ie ld  on  co rpo ra te  bonds :  t he  se r ies  used  i n
the  reg ress ions  i s  t he  d i f f e rence  i n  the  two  annua l  ra tes .

Bo th  R*  and  MSE were  mu l t i p l i ed  by  t ime .  As  a  resu l t ,  t he  coe f f i c i en t
es t ima tes  have  a  spec ia l  mean ing .  The  coe f f j c j en ts  can  be  i n te rp re ted
as  the  mu l t j p l i e r  e f fec t  on  the  ove ra l l  g row th  ra te  o f  t he  r i g  coun t
resu l t i ng  f rom a  rev i s ' i on  j n  pe rcep t i ons  abou t  t he  mean  and  va r iance
o f  t he  pa th  o f  f u tu re  o i l  p r i ces .

Fo r  each  o f  t he  reg ress ions  repo r ted  i n  Tab les  l  and  2  the  t jme  pe r iod
was kept the same. The 30-month mode' l  ,  therefore, has the same number
of degrees of f reedom as the 18-month model .

o .

One o f  t he  ma jo r  pnob lems  w j th  the  BLS
pr i ce  i ndex  fo r  o i l  and  gas  ex t rac t i on
I  i  s t  p r i  ces  fo r  equ i  pmen t .  I n  pe r i  ods
tend  to  rema in  f i xed  w i th  p roduce rs

d r i  l 1 i  ng  cos t  se r i es  ( p roduce r
equ ip rnen t )  i s  t ha t  i t  r e l i es  on
w i  t h  s l  ack  demand ,  I  i  s t  p r i  ces
o f fe r i  ng  l  a rge  d i  scoun ts .  As  a
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resu l t ,  the  ser ies  tends  to  unders ta te  the  dec l ine  in  d r i l l i ng  cos ts
dur ing  a  downturn  in  r ig  ac t i v i t y .

8 .  Ot t  and Nonman found a  negat ive  re la t ionsh ip  be tween dr i l l i ng  cos ts
and the  number  o f  we l l  comple t ions  based on  annua l  da ta .  Resu l ts  f rom
th is  es t imat ion  ind ica te  tha t  the  t jme in te rva l  used in  the  ana lys is
i s  c lea r l y  impor tan t  in  es tab l i sh ing  the  re la t ionsh ip .
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