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We have developed a model o f  o i l  p r i c e  jumps caused  by o i l  supply 
d is rupt ions .  The core of t he  model i s  a compact general  equi l ibr ium model 
of o i l  demand. Given an exogenous forecas t  of o i l  supply and po ten t i a l  GNP 
f o r  the  world, the model can forecas t  the  o i l  p r i c e ,  r e a l  GNP, and Value 
Added f o r  the  world. 

The da ta  base f o r  t h e  model c o n s i s t s  of  h i s t o r i c a l  t i m e  series of  
world o i l  s u p p l y ,  world oil p r i c e ,  and growth rates €or world GNP. The 
da ta  demonstrate t h a t  small changes i n  o i l  supply a re  associated with large 
changes i n  o i l  p r i ce .  

If a l a r g e  change  i n  o i l  p r i c e  c a u s e s  a s m a l l  c h a n g e  i n  o i l  
consumption,  t h e  s h o r t  - run  p r i c e  e l a s t i c i t y  of demand must be s m a l l .  We 
have spec i f i ed  a model w i t h  a shor t - run  and a l o n g - r u n  p r i c e  e l a s t i c i t y .  
The s i x  pa rame te r s  i n  the model have been estimated using h i s t o r i c a l  data  
f o r  th ree  cases. 

The i n i t i a l  model had f i v e  parameters. For Case 1 ,  we used a search 
procedure t o  determine the parameters t h a t  minimized t h e  r o o t  mean squa re  
(RMS) o f  the d i f f e r e n c e s  between the p r i ce  backcast by the model and the 
h i s t o r i c a l  da ta  on o i l  p r i ce .  W e  found t h a t  t h e  RMS e r r o r  w a s  1 2 1 %  and 
t h a t  the p r i ce  ca lcu la ted  by the  model was too low for  the  per iod from 1974 
t o  1980. 

A f t e r  a review of  t h e  h i s t o r i c a l  data  on o i l  consumption, o i l  p r i ce ,  
and world GNP,  we concluded t h a t  the  response o f  t h e  wor ld  o i l  market t o  
the  1974 o i l  p r i ce  shock was d i f f e r e n t  than the response t o  the 1979-80 o i l  
p r i c e  shock.  A f t e r  t h e  jump i n  o i l  p r i c e  f rom 1 9 7 3  t o  1 9 7 4 ,  t h e  
consumption of o i l  dec reased  i n  1975 but quickly recovered and reached a 
peak i n  1979. A f t e r  t h e  jump i n  o i l  p r i c e  f rom 1 9 7 8  t o  1 9 8 0 ,  t h e  
consumption of o i l  declined s t e a d i l y  f o r  four  consecutive years .  

i n  
i n  

To improve the  model's capaci ty  t o  simulate the  h i s t o r i c a l  d a t a ,  w e  
t roduced  a technological change f ac to r  t h a t  increases  the demand f o r  o i l  
the  period from 1971 to  1979.  For Case 2 ,  t h e  r a t e  o f  t e c h n o l o g i c a l  

c h a n g e  i s  3 . 8 %  and  t h e  RMS e r r o r  i s  35%.  For Case 3 ,  t h e  r a t e  o f  
technological change is  7.0% and the  RMS e r r o r  is 35%. Although Case 3 has 
the  smallest  e r r o r ,  w e  concluded t h a t  the Case 2 s e t  of parameters provided 
the b e s t  match f o r  the h i s t o r i c a l  da ta  on wor ld  o i l  p r i ce .  

F o r  C a s e  2 ,  w e  f i n d  a small s h o r t - r u n  e l a s t i c i t y  ( - 0 . 0 9 ) ,  a 
s u b s t a n t i a l  l o n g - r u n  e l a s t i c i t y  ( - 0 . 9 2 ) ,  and  a lag o f  0 . 0 8 ,  which  
co r re sponds  t o  1 2  y e a r s .  We have invented an o i l  p r i c e  scenario t h a t  is  
similar t o  the  h i s t o r i c a l  da ta  and have determined t h e  co r re spond ing  o i l  
supply scenario f o r  the  Case 2 se t  of parameters. 

ix 





1. INTRODUCTION 

Since 1970, the world has been buffeted by three oil supply 

disruptions: 1973, 1979, and 1986. In the first two disruptions, the oil 

supply was reduced and the o i l .  price increased. In the most recent 

disruption, the oil supply w a s  increased and the price decreased. In the 

conventional wisdom of 1978, the world was in a transition from inexpensive 

oil to expensive oil. Thus, the price increases in 1973 and 1979 were 

viewed as milestones on the road to expensive oil. 

The collapse in o i l  price in 1986 was unexpected and was probably 

caused by Saudi Arabia. From a peak of 9.9 million barrels per day (MBD) 

in 1980, oil production by Saudi Arabia had decreased to 2.3 MBD in August 

1985. Beginning in September 1985, production by Saudi Arabia increased 

and reached 4.7 MBD by December 1985. Starting from $27 per barrel in 

November 1985, world oil prices began a rapid decline and reached $11 per 

barrel in July 1986. 

World oil production increased from 51.2 MBD in August 1985 t o  5 5 . 6  

MBD in December 1985; an increase of 4 . 4  MBD. In 1984, the increase in 

production from August to December was 0.9 MBD fox the world and -0.9 MBD 

for Saudi Arabia. Thus, the 0&1 price collapse appears to have been 

triggered by an oil surplus of 3.5 MBD and Saudi Arabia was  responsible for 

3 . 3  MBD of the surplus. 

In this paper, we will develop a compact model of the world oil market 

and use the model to explore the relationship between supply and price. 

Clearly, the world oil market is a sensitive system, with small changes in 

supply causing large changes in price. For the oil price collapse of 1986, 
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a 6% i n c r e a s e  i n  o i l  supply  caused a 598 d e c r e a s e  i n  o i l  p r i c e  and the 

short-run pr ice  e l a s t i c i t y  of  demand w a s  -0.07. 

The o i l  p r i c e  increased  from $22.50 per b a r r e l  i n  1978 t o  $44.09 per 

b a r r e l  i n  1980 and consumption f e l l  from 62 .4  MBD i n  1 9  79 t o  52.9 MBD i n  

1982.  From 1979 t o  1982, the world GNY increased by 4%. If w e  assume t h a t  

o i l  consumption would have increased with world GNP, t h e  t h r e e - y e a r  p r i c e  

e l a s t i c i t y  o f  demand was - 0 . 3 .  

Thus, the o i l  market appears  t o  have both a s m a l l  short-run e l a s t i c i t y  

and a l a r g e r  l o n g - r u n  e l a s t i c i t y .  To simulate h i s t o r i c a l  da ta ,  our model 

w i l l  have both a short-run and a long-run pr ice  e l a s t i c i t y  o f  demand. 

From 1979 t o  1985, world consumption of o i l  decreased by 9.4 MBD, OPEC 

production decreased by 14.9 MBD, and non-OPEC production increased by 5 . 5  

MBD. I n  response  t o  the p r i c e  i n c r e a s e  from 1978 to 1980, non-OPEC o i l  

production increased subs tan t ia l ly .  However, OPEC ( l e d  by Saudi  Arabia)  

reduced production and prevented a rapid decrease i n  pr ice .  I n  1985, Saudi 

Arabia decided it could not continue t o  reduce production and t r iggered the 

pr ice  col lapse.  

We w i l l  not  attempt t o  simulate the behavior of OPEC and non-OPEC o i l  

p r o d u c e r s .  We w i l l  assume t h a t  t h e  o i l  supply i s  exogenous. Thus, our 

model of  the world o i l  market has an o i l  demand model w i t h  b o t h  s h o r t - r u n  

and long-run pr ice  response and an exogenous o i l  supply. 

I n  the next sec t ion ,  we w i l l  specify our model. I n  the t h i r d  sect ion,  

we w i l l  e s t i m a t e  t h e  parameters  i n  the model. Tn the fourth sect lon,  we 

w i l l  use the model t o  simulate fu ture  oi.1. p r ice  shocks. The f i f t h  s e c t i o n  

presents our conclusions. Our data base w i l l  be presented i n  an appendix. 



2. rnD& 

Our model has the same accounting structure as the Elephant-Rabbit 

( E R )  model of Hogan and Manne.' The ER model uses a C E S  production 

function, while we will use a CES c o s t  function. The ER model has a short- 

run elasticity, while we will have both a short-run and a long-run 

elasticity. Another closely related model is the Sweeney model. 3 94 

As an introduction to our model, we will consider a conceptual model 

with more details. For the conceptual model, the world is divided into 

regions. For each region, an Input-Output (1-0) table is created. The 

sectors of the 1-0 table will include energy (crude oil, natural gas, 

refined petroleum, coal, electricity, and natural gas) and non-energy goods 

and services (agriculture, mining, construction, manufacturing, 

transportation, and services). The inputs to the production function for 

each sector would include the various types of energy and non-energy goods 

and services and capital and labor. Each region would produce, import, 

export, and consume goods and services. 

For our compact model, all of the details of the conceptual model are 

compressed into a few aggregate variables, Our compact model has one 

region - the world. The model has two sectors: crude oil (U) and all 

other goods and services (X). Capital and labor are combined into a single 

factor (K). Crude oil is an intermediate good that is used to produce 

goods and services (X) (crude oil is consumed to produce refined products 

that are consumed by other sectors and by f i n a l  demand). The production 

function for X has inputs of  U and K .  Following the accounting structure 

for the ER model, the production function for U has only one i n p u t  X (we 

assume that oil wells are drilled and operated by an o i l  field service 



industry). The output of X is consumed by final demand (GNP) and by the 

crude oil sector (XU). 

We begin the mathematical description of the model with the production 

The total goods and services of the world (X) are produced €unction for X. 

from inputs of oil (U) and capital and labor (K): 

X - f ( U , K )  . 

If we assume that the price of X is equal to the cost of production: 

PX*X - PU*U + PK*K . ( 2 )  

where PX, PU, and PK are the prices of X, U, and K. The natural units for 

X and K are constant dollars. We will assume that PX, PU, and PK are price 

indexes that are equal to 1.0 in the base year (1971). We will measure X, 

K, and U in 1985 dollars. In 1971 the crude oil supply for the world was 

47.84 MBD (or 17.46 billion barrels per year) and the price was $7.97 per 

barrel. Thus, the magnitude of U in 1971 was $139 billion 1985 dollars. 

The total goods and services are consumed to produce oil (XU) and the 

world total gross national product (GNP): 

x - xu + GNP . ( 3 )  

We will distinguish between the se l l i -ng  price of oil (PU) and the 

production cost of oil (PW) . When the oil price suddenly doubles, the 

increase in production cost will be much smaller, The extra revenue flows 

to the oil producers. We shall c a l l  the difference between price and cost 
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a r en t  or t ax  (TX) t o  remind us tha t  governments can s e t  the tax o r  co l l ec t  

some of the excess p r o f i t s :  

TX PU - PW . (4) 

We w i l l  assume t h a t  the production cos t  depends on an exogenous base  p r i c e  

[BW(t)] and the general p r ice  l eve l  (PX): 

PW - BW(t)*PX . (5) 

The value of the goods and services  required t o  produce oil is equal t o  the 

value of the oil: 

Using Eqs. ( 3 ) ,  (5), and (6), we can eliminate XU and derive the fo l lowing  

expression f o r  the world GNP: 

GNP ,= X - BW(t)*U , (7) 

What is t h e  impact o f  expensive o i l  on world GNP? When t h e  pr ice  of 

o i l  increases ,  the world has an incentive t o  conserve o i l .  If c a p i t a l  and 

l a b o r  a r e  s u b s t i t u t e d  fo r  o i l ,  both the oil consumption (U) and the t o t a l  

goods and services  (X)  w i l l  be reduced [ s e e  E q .  (l)] . I n  E q .  ( 7 ) ,  the 

decrease i n  X decreases the GNP, while the decrease i n  U increases the GNP. 

I n  general ,  an increase  i n  oil p r i c e  causes  a d e c r e a s e  i n  G N P ,  b u t  t h e  
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impact i s  small. If no o i l  conservation occurs, X and U a r e  unchanged and 

there  i s  no impact on world G N P .  

An i n c r e a s e  i n  o i l  p r i c e  i n c r e a s e s  t h e  o i l  r e n t  (TX) and t ransfers  

money f rom o i l  consumers t o  o i l  producers. The world v a l u e  added (VA) i s  

the sum o f  the payments t o  labor and c a p i t a l  and the o i l  r e n t  payment: 

VA = PK*K + TX*U . 

Using Eqs. ( 2 ) ,  ( 7 ) ,  and ( 8 ) ,  we can show t h a t :  

PX*GNP = VA . (9) 

An i n c r e a s e  i n  o i l  p r i c e  can have a l a r g e  impact on value added and the 

pr ice  l e v e l  (PX), while having a s m a l l  impact on G N P  and o i l  consumption 

Our arguments depend on ceteris paribus ( o t h e r  t h i n g s  b e i n g  e q u a l ) .  

W e  a r e  assuming t h a t  t h e r e  i s  no change i n  PK or K, but  we know t h a t  an 

increase i n  the pr ice  l e v e l  (PX) has  an  impact on payments t o  l a b o r  and 

c a p i t a l  (PK). An increase i n  o i l  p r i c e  can cause a worldwide recession and 

cause unemployment (an increase i n  unemployment reduces K ) .  An increase i n  

o i l  p r i c e  can make c a p i t a l  ( la rge  cars )  obsolete ,  while a decrease i n  o i l  

p r i c e  has reduced the value of  the c a p i t a l  stocks i n  Texas. 

The f inanc ia l  system must move money from OECD t o  OPEC and back again. 

I f  OPEC does not spend i t s  ex t ra  revenues on goods and s e r v i c e s  o r  i n v e s t  

i n  O E C D ,  t h e  r e d u c t i o n  i n  demand f o r  goods and services  could lead t o  a 

worldwide recession. 
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We want the model to have both a short-run and long-run price 

elasticity of demand. In the model, we will u5e both a short-run and a 

long-run cost function: 

PX = [a PUP + (1-a) PKPJ1’P. 

7 1/7 PXL = [ p  PU’ + (1-/3) PK ] . 

Both of the cost functions are CES functions. The parameters a and p 

govern the short-run response, while the parameters B and 7 govern the 

long-run response. 

Cost functions are a convenient way to specify a model, because 

Shephard’s lemma’ can be used to derive optimum input-output (1-0) 

coefficients from a cost function. The 1-0 coefficient for each factor of 

production is equal to the partial derivative of the cost function with 

respect to the price of the factor, 

The short-run input-output coefficient for oil (AU) is the amount of 

oil required to produce a unit of output (U/X). The short-run input-output 

coefficient for capital and labor (AK) i s  the amount of capital and labor 

required to produce a unit of output (K/X). The short-run input-output 

coefficients for o i l  and capital-labor are determined by the short-run cost 

function : 

AU * a (PU/PX)p-l. 



a 

AK = (l-a)*(PK/PX)P-l. (13) 

Similarly, the long-run input-output coefficient for oil ( A U L )  is 

determined by the long-run cost function: 

AUL - j9 (PU/PXL)7-1. (14) 

The parameters p and 7 control the price response of the model. "he 

short-run price elasticity for oil demand is p-1, while the long-run 

elasticity is 7-1. 

We assume that the transition from the short-run to the long-run is 

controlled by a lag parameter ( p ) .  The short-run input-output coefficient 

tracks the long-run coefficient; that is, 

Using Eqs. (12)-(15), the following expression can be  derived for the 

parameter a: 

= Q [l - ~4 + p (AUL/AU)] . t+l t a 

In each period, the supply of oil ( S )  is equal to the demand for oil 

(U). The supply of oil is exogenous, while the demand for oil is given by: 

U = g*AUkX , (17) 
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where g is an exogenous technological change f a c t o r ,  t h a t  we w i l l  introduce 

i n  t h e  n e x t  s e c t i o n .  I n  t h i s  sec t ion ,  we w i l l  assume t h a t  g is equal t o  

1 .0 .  If X were exogenous, Eq. (17) could be used t o  determine the p r i ce  of  

o i l .  

However, X is  not exogenous, the supply of c a p i t a l  and l a b o r  ( K )  i s  

exogenous, The demand f o r  c a p i t a l  and labor is given by: 

To e l i m i n a t e  X ,  w e  d i v i d e  E q .  ( 1 7 )  by E q .  (18) and der ive the  following 

market equilibrium equation: 

U/K = g*AU/AK . (19) 

The l e f t  s i d e  of E q .  (19)  depends on two exogenous var iab les  ( the  supply of 

o i l  and c a p i t a l - l a b o r ) ,  while the  r i g h t  s ide  depends on the  facetor g, the 

parameter a and the p r i ces  of o i l  and cap i t a l - l abor .  If we assume t h a t  the 

p r i c e  o f  c a p i t a l - l a b o r  i s  1 . 0 ,  w e  can s o l v e  Eq. ( 1 9 )  f o r  the world o i l  

p r i ce ;  

Equation 20 is  t h e  c o r e  o f  t h e  model. I n  E q .  ( 2 0 ) ,  t h e  world o i l  

p r i c e  i s  de te rmined  by the o i l  supply ( U ) ,  the  f a c t o r  g, a measure of the 

l e v e l  o f  economic a c t i v i t y  i n  the world ( K ) ,  and the shor t - run  paxameters a 

and p .  The dynamics of the parameter a! a re  cont ro l led  by Eq .  ( 1 6 ) .  



At the start of each cycle of the model, all of the variables on the 

right side of Eq. (20) are known and the world oil price can be calculated. 

Given the world oil price and the price o f  capital-labor, the short-run 

input-output coefficients and the long-run input-output coefficients can be 

calculated [Eqs. (12) and (1411. Given the input-output coefficients, a 

new value for the parameter Q can be calculated [Eq. (1611 and the model is 

ready for the next cycle. 

Before we estimate the parameters in the model, we will use a few 

figures to illustrate the Eeatures of the model. Equation (20) is a demand 

curve; a relationship between world oil consumption and world oil price. 

During an oil supply disruption, the world oil supply is reduced and the 

world oil price must increase until supply and demand for oil are balanced. 

Each year a, g ,  and K are given and the relationship between oil price and 

oil supply or demand depends on the parameter p .  In the next section, we 

will estimate the parameters in the model for three cases. We shall find 

that the optimum values for the parameter p range from 0.83 to 0 . 9 3 .  To 

generate the demand curve (and the other figures), we will use the 

parameters for the middle case, for which p - 0.91. Thus, l / ( p  - 1) =i -11 

and a 1% decrease in oil supply causes a 11% increase in oil price (when PU 

= 1.0 and PX = lBO). 

Demand curves for 1981 and 1986 are displayed in Fig. 1. In 1981, the 

world oil consumption was 55.55 million barrels per day and the world oil 

price backcast by the model was $48.35 per barrel, which was close to the 

historical price o f  $&3.97 per barrel (historical data are Erom the 

appendix). Following the demand curve for 1981, an 8 %  decrease in supply 

raises the price to $121, while an 8 % increase in supply lowers the price 
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t o  $ 2 1  per  b a r r e l .  I n  1986, the world o i l  consumption was 5 5 . 5 3  m i l l i o n  

b a r r e l s  p e r  day and t h e  world o i l  p r i ce  backcast by the model was $16.98 

per b a r r e l ,  which w a s  close t o  the h i s t o r i c a l  p r i ce  of $13.66 p e r  b a r r e l .  

Fol lowing the hypothet ical  demand curve f o r  1986, an 8% decrease i n  supply 

r a i s e s  the  p r i ce  t o  $42,  while an 8 % increase i n  supply lowers  t h e  p r i c e  

t o  $7 per  b a r r e l .  

A usefu l  parameter t h a t  can be used t o  summarize a h y p o t h e t i c a l  o i l  

demand curve  is t h e  demand e l a s t i c i t y  ( e ) .  The demand e l a s t i c i t y  i s  the 

percentage change i n  consumption f o r  a 1% increase in pr i ce :  

PU au 
€ -  

u BPU 

The p r i ce  e l a s t i c i t y  f o r  bath of the curves i n  Fig.  1. i s  E - - 0 . 0 9 .  If the 

magnitude of the p r i ce  e l a s t i c i t y  i n  1981 increased t o  E - -0 .2 ,  the pr ice  

increase f o r  an 8% decrease i n  o i l  supply would decrease from $120 to $ 7 3 .  

Thus, if t h e  demand LS more e l a s t i c  t h e  magnitude of the p r i c e  changes 

a f t e r  an oil supply d is rupt ion  is  smaller.  

I n  Fig. 1, the magnitude of the p r i ce  change depends on the magnitude 

of the  supply reduction. Stockpiles and surge production capaci ty  mit igate  

p r i c e  shocks by reducing the magnitude of  the supply reduction. In  1985, 

the  S t r a t eg ic  Petroleum Reserve (SPR) f o r  the United S t a t e s  was about  500 

m i l l i o n  b a r r e l s  and the l eve l  of o i l  consumption for the  United S ta tes  was 

about 15.7 mi l l ion  b a r r e l s  per day. Thus, the SPR can p rov ide  108 o f  t h e  

o i l  supply f o r  the United S ta t e s  f o r  about 320 days. 
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If an economy has  i n s t a l l e d  f u r n a c e s  and b o i l e r s  t h a t  can qu ick ly  

s w i t c h  from o i l  consumption to a l t e r n a t i v e  f u e l s ,  the magnitude of the 

p r i ce  e l a s t i c i t y  w i l l  be increased and t h e  magnitude of  t h e  p r i c e  shock 

caused by a supply reduction w i l l  be reduced. 

For  t h e  demand curve  f o r  1 9 8 1  p l o t t e d  i n  F i g .  1, t h e  o i l  p r i c e  

i n c r e a s e s  from $ 2 1  to $120 p e r  b a r r e l  and t h e  t o t a l  v a l u e  o f  t h e  o i l  

increases  from 450 b i l l i o n  do l l a r s  t o  2250 b i l l i o n  d o l l a r s ;  an i n c r e a s e  o f  

1800 b i l l i o n  d o l l a r s .  Thus,  an  o i l  supply disrupt ion can c rea t e  a large 

t r a n s f e r  of money from o i l  consumers to  o i l  producers. In an economy, t h e  

sum o f  a l l  payments t o  labor, c a p i t a l ,  and t h e  government is the  value 

added [see E q .  (8)]. The t r a n s f e r  o f  money f r o m  consumers t o  producers  

changes t h e  v a l u e  added f o r  the world. I n  Fig. 2 ,  changes i n  value added 

f o r  the world a r e  displayed f o r  the two demand curves.  Because t h e  p r i c e  

changes for the  1981 demand curve a re  l a rge r  than the p r i ce  changes for the  

1986 curve, the changes i n  value added are  much l a rge r  for  the 1 9 8 1  demand 

curve (1800 b i l l i o n  do l l a r s  i n  1981 and 650 b i l l i o n  d o l l a r s  i n  1986).  

The t r ans fe r  of money from oil consumers to o i l  producers  c r e a t e s  a 

p o t e n t i a l  f i n a n c i a l  cr is is  f o r  t h e  wor ld .  For t h e  wor ld  economy t o  

f u n c t i o n  smoothly,  a l l  o f  t h e  v a l u e  added must be  s p e n t  on goods and  

s e r v i c e s .  The o i l  p roduce r s  must e i t h e r  buy more goods and services  o r  

loan money t o  o i l  consumers t o  buy goods and serv ices .  

If a l l  o f  t h e  v a l u e  added i s  s p e n t  on goods and serv ices  and a l l  of 

the labor  and c a p i t a l  i s  kept f u l l y  employed, the impact o f  an  ail supply 

d is rupt ion  on the  world GNP i s  much smaller than the change i n  value added. 

Using our model [ see  E q .  ( a ) ] ,  we can simulate the  change i n  world G N P  f o r  

the  changes in oil supply and pr ice  displayed i n  Fig.  1 (see Fig. 3 ) .  With 
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1981 as the  base year ,  an 8% reduction i n  o i l  supply reduces the G N P  by 7 3  

b i l l i o n  d o l l a r s ,  while an 8% increase i n  o i l  supply increases the GNP by 24 

b i l l i o n  d o l l a r s .  With 1986 as the base year ,  the changes i n  G N P  a r e  much 

less than when 1981 i s  the base year.  

Since the change i n  GNP i s  much l e s s  than the change i n  v a l u e  added, 

thc oil.  s u p p l y  disrupt ion causes a change i n  the pr ice  l e v e l .  If we assume 

t h a t  the only pr ice  change i s  i n  the oil p r i c e ,  the change i n  the p r i c e  o f  

goods and services  (PX) t h a t  is  forecast  by our model i s  displayed i n  F i g .  

4 .  With 1981 as the base year ,  an 8% reduction i n  o i l  supply lncreases the 

p r i c e  index by I % ,  while an 8% increase i n  o i l  supply decreases the pr ice  

index by 3 % .  

I f  wages and i n t e r e s t  r a t e s  (PK) a r e  i-ncreased to compensate f o r  the 

increase i n  the cos t  of  goods and s e r v i c e s  ( P X )  caused by an o i l  supply 

d i s r u p t i o n ,  t h e  change i n  v a l u e  added and i n  t h e  p r i c e  o f  goods and 

services  would be higher.  
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3. ESTIMATION 

To estimate the parameters in our model, we need time-series data for 

world oil consumption, world oil price, and world G N P .  For a compact 

model, a simple data base is appropriate and we have used readily available 

data. The Annual Energy Review' (AER) published by the Energy Information 

Administration has a time-series on world oil consumption. IJe will use 

data for the period from 1971 to 1986. 

The proper way to compare prices and output from various countries is 

to use the purchasing power parity (PPP) method o f  Kravis and his 

colleagues. 7 ' 8 ' 9  Using the PPP method, Summers and Heston'' have estimated 

time-series of real GNP for selected countries but not for the world. We 

were unable to find a time-series on real oil price and world GNP 

constructed using the PPP method. 

As an approximation of the real oil price, we will use the average 

cost of imported crude oil to oil refineries in the United States as 

reported in the AER. As an approximation of the world GNP, we will use 

data for the United States to construct a base year (1971) GNP estimate and 

will use estimates of growth rates in world GNP from a recent International 

Monetary Fund (IMF) report." Thus, as we move from consumption to price 

to GNP, the quality of our data base deteriorates. One of the reasons to 

use compact models is the expense of creating data bases for elaborate 

models. 

The parameters a and /I are equal to the ratio of crude o i l  consumption 

and t o t a l  goods and services for the world (X) in the base year. In the 

base year (1971), we assume that the price indexes, PU and PK, are equal to 

unity. Consequently, PX and PXL are unity and the base year input-output 
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coefficients are given by: AU = a and Ax = 1 - a. Thus, a - U/X in the 
base year. 

We will. estimate a for the United States and assume that the world has 

the same value as the United States. If we determine base year values for 

oil (U) and output (X), we can estimate the parameter a. We assume that 

the consumption of oil was in equlibrium in 1971 and that Q = p in the base 

year. 

On page 101 of the 1986 AER, the total consumption of oil in 1971 was 

15.21 million barrels per day ( M B P D ) .  If we subtract the natural gas plant 

liquids (1.69 M B P D )  , the average consumption for crude oil in the United 

States in 1971 was 13.52 MBPD. On page 135 of the 1985 A E R ,  the average 

price for imported crude oil in 1971 was $3.17 per barrel, In the 

September 1986 issue of the Survey of Current Business (SCB) ,I2 the 

implicit price deflator for GNP is 44.4 for 1971 and 111.5 for 1985. Thus, 

using 1985 dollars, the 1971 oil price was $7.96 per barrel and the value 

of the oil (U) was 39.3 billion dollars. 

The most recent estimate of the United States GNP in 1971 is 1102.7 

billion d01lars.l~ Using 1985 dollars, the GNP in 1971 was 2771.0 billion 

dollars. IJsing Equation 7, X is the sum o f  the GNP and the product of BW 

and U. We assume that the wellhead price is 75% of the selling price. 

Thus, BW j.s 0.75 and X is 2800.5 billion dollars. The parameter Q is the 

r a t i o  of U and X; a = 0.0140. Hence, the value of crude oil in 1971 w a s  

1.4% of  the total goods and services. 

Using Equation 8 for the base year, P K  = 1.0 and K is the difference 

between the value added (VA) and the oil rent (TX*U).  For the United 

States in 1971, the value added was 2771.0 billion dollars and the rent was 
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25% of 3 9 . 3  billion dollars. Thus, K - 2761.1 billfon dollars for the 
United States in 1971. To estimate K for the world, we use the ratio of 

oil consumption for the world (47.84 MBPD) to o i l  consumption in the United 

States (13.52 MBPD) and estimate that K = 9770  billion dollars for the 

world in 1971.  To estimate K for the period 1972 to 1 9 8 6 ,  we use the IMF 

growth rates. 11 

The model has five parameters [a(t), 8 ,  p ,  7 ,  and p ] .  We have 

determined the base  year values for Q and b .  We will determine the other 

three parameters by minimizing an error measure. Given time series data 

for oil supply (U) and capital-labor (K) and values fox the five 

parameters, we can use Eq. (20) to calculate oil price (PU). 

Alternatively, given time series data for PU and K, we could calculate 

U. If the short-run elasticity is zero ( p  - l,O), we can use Eq.(20) to 

calculate U but not to calculate PU. 

U cause large changes in PU. If we estimate p by calculating U, our 

estimate could approach 1.0. However, if we estimate p by calculating PU, 

our estimate cannot approach 1.0. Thus, calculating PU is t h e  most 

sensitive way to estimate p .  

As p approaches 1.0, small changes in 

The error measure is the root mean square of the maximum difference 

percentage for the differences between the calculated oil price and the 

historical data on oil price. In each year, the maximum difference 

percentage is the difference between the calculated price and the 

historical price divided by the smaller of the two prices. 

To determine optimum values for the three parameters, we f i x  p and 

vary y and p to minimize the error measure. The parameter 7 is related to 

the long-run elasticity while the lag parameter (p) controls the speed of 
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the  adjustment. We found t h a t  t h e  iiiinimum e r r o r  occur red  f o r  very  h i g h  

l o n g - r u n  e l a s t i c i t i e s  and f o r  s m a l l  values of the  l a g  parameter, A small 

value f o r  the l ag  parameter corresponds t o  a long  t i m e  f o r  t h e  model t o  

respond t o  a supply  shock.  S ince  w e  have a s m a l l  number of da ta  points 

(16), w e  placed a lower l i m i t  on the l ag  parameter. W e  required t h a t  p be 

grea te r  than o r  equal t o  0.08. 

When p - 0.98, the e r ro r  i s  787%. As p decreases,  the error  decreases 

t o  a minimum of  1 2 1 %  when p = 0.93. As p decreases fu r the r ,  the e r ro r  

increases and r eaches  147% when p = 0.80. The se t  of parameters t h a t  

minimize t h e  e r r o r  are p = 0.932, 7 = 0.334, and ,LA - 0.08. W e  s h a l l  c a l l  

t h i s  s e t  o f  paramete r s ,  Case 1. The c a l c u l a t e d  o i l  p r i c e  a n d  t h e  

h i s t o r i c a l  data  on the o i l  p r i ce  a re  displayed i n  Fig. 5 .  

In  Fig. 5 ,  there  is  good agreement between the d a t a  and t h e  backcas t  

by t h e  model f o r  t h e  preembargo p e r i o d  ( 1 9 7 1  t o  1973) and a f t e r  1981. 

However, the pr ice  calculated by the model i s  too l o w  f o r  t h e  p e r i o d  from 

1974 to 1 9 8 0 .  To unders tand  why t h e  c a l c u l a t e d  p r i c e  i s  low, w e  w i l l  

review the h i s t o r i c a l  data  on o i l  consumption (see F ig .  6 ) .  From 1971 t o  

1 9 7 2 ,  world G N P  increased by 6% and o i l  consumption increased by 5 .1%.  A 

small increase i n  calculated o i l  p r ice  w a s  r e q u i r e d  t o  reduce  t h e  demand 

€or  o i l .  From 1 9 7 2  t o  1 9 7 3 ,  world GNP increased by 6% and o i l  consumption 

increased by 10 .6%.  A large decrease i n  cal-culated o i l  p r i ce  was r e q u i r e d  

t o  i n c r e a s e  the demand fo r  o i l  and the e r ro r  was 106%.  From 1973 t o  1974, 

world GNP increased by 1% and o i l  consumption increased by 0 . 4 % .  A l a r g e  

i n c r e a s e  i n  c a l c u l a t e d  o i l  p r i c e  w a s  required t o  decrease the demand €or 

o i l .  But t h e  i n c r e a s e  backcas t  by t h e  model w a s  much l e s s  t h a n  t h e  

h i s t o r i c a l  increase and the e r ro r  was 224%. 



23 

ORNL-mG 87-14003 

50 

40 

30 

20 

10 

0 .  I I I I I 
I I 

1970 1974 1978 1982 1.986 
Y e a r  

Fig. 5. The Calculated and H i s t o r i c a l  Oil. Prices f o r  Case 
1. The Uni t s  a r e  1985 Dollars p e r  Barrel. 



24 

65 

60 

55 

58 

45 

ORNL-DWG 87-14004 

I 1 1 
1 1 4 

1970 1974 11978 1982 1986 

Y e a r  

Fig .  6 .  World Crude O i l  Consumption. The Units are Millions 
of Barrels p e r  Day. 



2 5  

From 1 9 7 4  t o  1 9 7 5 ,  world G N P  w a s  unchanged a n d  o i l  c o n s u m p t i o n  

dec reased  by 5 . 4 % .  A l a rge  increase i n  ca lcu la ted  o i l  p r i ce  was required 

t o  reduce demand. After  the la rge  p r i ce  jump i n  1974, w e  would expect t h a t  

t h e  l o n g - r u n  r e sponse  t o  t h e  p r i c e  jump would cause  o i l  consumption t o  

increase less than world GNP. However, from 1975 t o  1976, o i l  consumption 

i n c r e a s e d  by 8.4% whi le  wor ld  G N P  i nc reased  by 5 8 .  A l a rge  decrease i n  
I 

ca lcu la ted  o i l  p r i ce  w a s  required t o  increase  t h e  demand f o r  o i l  and t h e  

e r r o r  w a s  2 4 7 % .  From 1978 t o  1979 ,  o i l  consumption increased by 4.1% while 

world GNP i n c r e a s e d  by 3 . 4 % .  A dec rease  i n  c a l c u l a t e d  o i l  p r i c e  was 

required t o  increase the demand f o r  o i l  and the e r r o r  w a s  2 4 5 % .  

Our review of t h e  annual  growth r a t e s  f o r  world G N P  and crude  oil 

consumption reveals  t h a t  o i l  consumption tended t o  grow f a s t e r  than GNP i n  

the per iod from 1971  t o  1979 .  To s t imulate  a higher l e v e l  of  demand, t h e  

model i s  f o r c e d  t o  underestimate the o i l  p r i ce .  Technological change can 

cause o i l  consumption t o  increase a t  a f a s t e r  r a t e  than GNP. For  example, 

o i l  could have been replacing coal  i n  many end-use processes.  

To a l l o w  o i l  consumption t o  grow f a s t e r  than world GNP, we introduce a 

technological change f ac to r  [ g ( t ) ] .  I n  the  l a s t  s ec t ion ,  we introduced the 

technological change factor [see Eq. (17)] b u t  w e  d i d  n o t  d e f i n e  i t .  I n  

t h i s  s e c t i o n ,  our attempt t o  backcast the h i s t o r i c a l  da ta  has demonstrated 

the need f o r  a technological change f ac to r .  Let g ( t )  be given by: 

f o r  t = 1 9 7 1  t o  1979 and g ( c >  = g(1979) f o r  the period 1980 t o  1986. 
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To e s t i m a t e  t h e  parameter  6 ,  we se lec ted  the optimum value f o r  the 

parameter p from Case 1 ( p  - 0.93) and var ied the o t h e r  parameters  (7, p ,  

and 6 )  t o  minimize the e r r o r .  The minimum e r r o r  occurred f o r  6 = 0.038, 

Next, we f ixed 6 ,  and v a r i e d  t h e  o t h e r  parameter  t o  minimize t h e  e r r o r  

measure.  The e r r o r  measure ( t h e  r o o t  mean s q u a r e  value of the maximum 

difference percentage) decreased from 1 2 1 %  i n  Case 1 t o  35% i n  Case 2 .  The 

f i n a l  v a l u e s  f o r  the parameters f o r  Case 2 were: p - 0.909, -y = 0 . 0 8 4 ,  p = 

0.08 ,  and 6 = 0.038. 

The o i l  p r i c e  f o r  Case 2 i s  displayed i n  Fig. 7 .  The model r e s u l t s  

are much c loser  t o  the h i s t o r i c a l  data f o r  the period 1974 t o  1980 for Case 

2 t h a n  t h e y  were f o r  Case 1. The l a r g e s t  e r r o r s  are 88% i n  1974, 71% i n  

1972 ,  and 40% i n  1976.  For both the 1974 pr ice  increase and the 1979-1980 

pr ice  increase,  the pr ice  backcast by the model lags the h i s t o r i c a l  data by 

one year .  I n  1971 ,  the technological  change f a c t o r  causes  t h e  model t o  

b a c k c a s t  a p r i c e  t h a t  i s  t o o  h i g h .  Even w i t h  t h e  technological change 

f a c t o r ,  the pr ice  f o r  1976 backcast by the model i s  too low ( the  1976 pr ice  

b a c k c a s t  by t h e  model i n c r e a s e s  from $6.86 f o r  Case 1 t o  $16.98 f o r  Case 

2) * 

The parameters  f o r  Case 2 minimize the e r r o r  measure when 6 - 0.038 

but they do not minimize the e r r o r  measure f o r  a l l  v a l u e s  o f  6 .  When we 

s o u g h t  a g l o b a l  minimum f o r  t h e  e r r o r  m e a s u r e ,  w e  found t h a t  t h e  

technological change fac tor  was becoming too la rge .  For Case 3 ,  we l e t  6 - 
0.07 (when 6 = 0 .07 ,  the technological change fac tor  [ g ( t ) ]  w i l l  double i n  

ten years ) .  The e r r o r  measure decreased from 1 2 1 %  i n  Case 1 t o  35% i n  Case 

2 and t o  2 9 %  f o r  Case 3 .  The f i n a l  values €OK the parameters f o r  Case 3 

were: p = 0.829, 7 = - 0 . 3 5 2 ,  p = 0.08 ,  and 6 = 8 .07 .  
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The o i l  p r i c e  €o r  Case 3 i s  displayed i n  Fig.  8 .  Although the e r ro r  

measure is smaller ,  the  r e s u l t s  f o r  Case 3 a re  not a s  s a t i s f a c t o r y  a s  f o r  

Case 2 .  The model reduces the e r r o r  i n  1974 and 1980 by an t i c ipa t ing  the 

p r i ce  jumps. Because t h e  o i l  p r i c e  b a c k c a s t  by t h e  model was t o o  h igh  

b e f o r e  t h e  p r i c e  jumps, the magnitude of  the jumps a re  too small f o r  Case 

3 .  The magnitude o f  t h e  p r i c e  jumps i s  c o n t r o l l e d  by t h e  s h o r t - r u n  

e l a s t i c i t y  ( t h e  parameter  p ) .  Thus, the shor t - run  e l a s t i c i t y  i s  i n  the 

neighborhood of the  value fo r  Case 2 ( E  = - 0 . 0 9 ) .  
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4. SIMULATION 

We have used  t h e  model t o  c r e a t e  a s c e n a r i o .  The r e s u l t s  are 

d i s p l a y e d  i n  F i g .  9 .  For t h e  f u t u r e  p e r i o d  (1987-2010), the  supply of  

l a b o r  and c a p i t a l  (K) i n c r e a s e s  l i n e a r l y .  For t h e  s c e n a r i o ,  w e  h a v e  

a d j u s t e d  t h e  o i l  supply (U) t o  match a pr i ce  t r a c k ,  t h a t  i s  s imi la r  t o  the 

h i s t o r i c a l  d a t a  on oil p r i c e .  The pa rame te r s  f o r  Case 2 w e r e  used t o  

c r ea t e  the  scenario.  

For Case 2 ,  p-0.91, the  shor t - run  e l a s t i c i t y  is  -0.09 a n d  a 1% 

d e c r e a s e  i n  o i l  supply  causes  a 11% i n c r e a s e  i n  o i l  p r i c e .  I n  Fig. 9 ,  

s m a l l  changes i n  o i l  supply  cause  l a r g e  i n c r e a s e s  and d e c r e a s e s  i n  oil 

pr i ce .  Since y = 0.08, the long-run e l a s t i c i t y  is -0.92 and the o i l  supply 

i s  f l a t .  The historical  maximum v a l u e  f o r  o i l  consumption was i n  1 9 7 9 .  

For t h e  s c e n a r i o  t h e  f u t u r e  maximum v a l u e  occurs i n  2007. From 1979 to 

2007, t h e  wor ld  GNP i n c r e a s e s  by 1 2 2 %  b u t  t he  o i l  c o n s u m p t i o n  o n l y  

increases  by 3%.  

In Fig. 9 ,  the  scenario of fu ture  o i l  supply is  n o t  i d e n t i c a l  t o  t h e  

h i s t o r i c a l  o i l  supp ly .  However, f o r  the h i s t o r i c a l  period the world did 

not  experience steady economic growth. After the  increases  i n  o i l  p r ice  i n  

1974 and 1979, the world economy had recessions i n  1975 and 1987.-1983. I f  

we added r e c e s s i o n s  a f t e r  oil p r i c e  jumps, ou r  s c e n a r i o  would be more 

s imi la r  t o  t h e  h i s t o r i c a l  data .  We d id  not add recessians,  because our 

object ive i n  Fig.  9 is t o  demonstrate t h a t  s m a l l  changes i n  o i l  supp ly  can 

cause la rge  changes i n  oil pr ice .  
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Barrel. 
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5. cONcuJsIoNs 

We have developed a model o f  oil p r i c e  jumps caused  by o i l  supply  

d i s r u p t i o n s .  The core of the  model is a compact general  equilibrium model 

of o i l  demand. Given an exogenous forecas t  of  o i l  supply and po ten t i a l  GNP 

f o r  t h e  wor ld ,  t h e  model can  fo recas t  the  o i l  p r i c e ,  real G N P ,  and Value 

Added f o r  the world. 

The d a t a  b a s e  f o r  t h e  model c o n s i s t s  o f  h i s t o r i c a l  time s e r i e s  of 

world o i l  supply, wor ld  o i l  p r i c e ,  and growth r a t e s  for world G N P ,  The 

da ta  demonstrate t h a t  small changes i n  o i l  supply are associated with large 

changes i n  o i l  p r i c e .  

If  a l a r g e  c h a n g e  i n  o i l  p r i c e  c a u s e s  a small c h a n g e  i n  o i l  

consumption, the  shor t - run  p r i ce  e l a s t i c i t y  of demand must be s m a l l .  We 

have s p e c i f i e d  a model w i t h  a shor t - run  and a long-run p r i ce  e l a s t i c i t y .  

The s ix  parameters i n  the model have been estimated u s i n g  h i s t o r i c a l  d a t a  

f o r  three cases .  

The i n i t i a l  model had f i v e  parameters. For Case 1, we used  a s e a r c h  

procedure  t o  determine the parameters t h a t  minimlzed the  root  mean square 

(RMS) of the differences between the p r i ce  backcas t  by t h e  model and t h e  

h i s t o r i c a l  daca  on o i l  p r i c e .  W e  found t h a t  t he  RMS e r r o r  w a s  121% and 

t h a t  the p r i ce  calculated by the  model was too low f o r  the period from 1974 

t o  1980. 

After  a review o f  the  h i s t o r i c a l  data  on o i l  consumption, o i l  p r i c e ,  

and world G N P ,  we concluded t h a t  the  response of the world o i l  market t o  

the 1974 o i l  p r i c e  shock was d i f f e ren t  than the response t o  the J-979-80 o i l  

p r i c e  s h o c k .  A f t e r  t h e  jump i n  o i l  p r i c e  f rom 1973 t o  1974,  t h e  

consumption of oil decreased i n  1975 but  q u i c k l y  r ecove red  and reached  a 
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peak in 1 9 7 9 .  After the jump in oil price from 1978 to 1980, the 

consumption of oil declined steadily for four consecutive years. 

To improve the model's capacity to simulate the historical data, we 

introduced a technological change factor that increases the demand for oil 

in the period from 1971 to 1 9 7 9 .  For Case 2 ,  the rate of technological 

change is 3.8% and the RMS error is 35%. F o r  Case 3, the rate of 

technological change is 7.0% and the RMS error is 35%. Although Case 3 has 

the smallest error, we concluded that the Case 2 set of parameters provided 

the best match for the historical data on world oil price. 

For Case 2, we find a small short-run elasticity ( - 0 . 0 9 ) ,  a 

substantial long-run elasticity ( - 0 . 9 2 ) ,  and a lag of 0 . 0 8 ,  which 

corresponds to 12 years. We have invented an oil price scenario that is 

similar to the historical data and have determined the corresponding oil 

supply scenario for the Case 2 set of parameters. 
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APPENI)Ix 

This appendix presents  the da ta  base for  the  model. (see Table 1 ) .  The 

world o i l  supply f o r  the period 1971  t o  1972 is from page 237 o f  t h e  AER 

(Ref. 6 ) .  The world o i l  supp ly  f o r  the  per iQd 1973 t o  1986 i s  from page 

111 of the  MER (Ref. 1). The cur ren t  d o l l a r  o i l  p r i c e  is from page 135 of 

t h e  AER and from page 9 1  o f  t h e  MER. The p r i ce  indexes i n  Table 1 were 

used t o  convert from curren t  do l l a r s  to 1985 d o l l a r s .  The i m p l i c i t  price 

d e f l a t o r s  f o r  G N P  are from the  September 1986 i ssue  of the SCB (Ref. 1 2 ) .  

The growth rate est imates  f o r  wor ld  GNP are from the IMF repor t  (Ref. 11). 



38 

Table 1. His tor ica l  Data f o r  World O i l  Supply, 
World O i l  P r ice ,  and the  Growth Rate f o r  World GNP.  

The u n i t s  a r e  mil l ions of ba r re l s  per day and do l l a r s  per  b a r r e l .  

G N F ~  b Year SUPP 1 Y  a Pr ice  

1 9 7 1  
1972 
1973 
1974  
1975 
1976 
1977 
1978 
1979 
1980 
1 9 8 1  
1982 

1984  
1985 

1983 

1986 

47 .  a4 
50.26 
55.57 
55.77 
52 e 76 
57.19 
59.52 
59.87 
62.35 
59.22 
55.55 
52 .90  
52 .65  
53.83 
52.95 
55 .53  

Current $ 
3.17 
3.22 

12 .52  
13 .93  
13.48 
14.53 
14.57 
21.67 
33.89 
37.05 
33.55 
29 .30  
28.88 
26.99 
13.98 

4.08 

1985 $ 
7 .97  
7 .72  
9 .19  

25.87 
26.19 

24,08 
22 50  
30.76 
44 .09  
43 .97  
3 7 . 4 1  
31.46 

26 .99  
13 .66  

23. a3 

29 .  a5 

Price 
44.4 
46 .5  
49 .5  
54.0 
59 .3  
6 3 . 1  
67 .3  
72 .2  
78 .6  
85 .7  
9 4 . 0  

100.0 
1 0 3 . 9  
107 ,9  
111.5 
114.1 

Rate 
4 . 0 
6.0  
6 . 0  
1.0 
0.0 
5 .0  
4 . 5  
4.4 
3 . 4  
2 . 1  
1 . 8  
0 .6  
2 .6  
4.4 
3 . 1  
2 .9  

a .  The world o i l  supply fo r  the period 1 9 7 1  t o  1972 is from page 237 
o f  t h e  AER (Ref .  6 ) .  The wor ld  oil supply f o r  the  period 1973 t o  1986 is  
from page 111 of the January 1987 i s sue  of  the MER (Ref. 1). 

b .  The cu r ren t  do l l a r  o i l  p r i ce  is from page 135 of the AER and from 
page 9 1  of the MER. The pr ice  indexes  i n  t h e  n e x t  column o f  t h i s  t a b l e  
were used t o  convert from current  do l l a r s  t o  1985 d o l l a r s .  

c. The impl ic i t  p r i ce  de f l a to r s  f o r  GNP a r e  from t h e  September 1 9 8 6  
i s s u e  of  t h e  S C B  (Ref .  1 2 ) .  The growth rate estimates f o r  world GNP a re  
from the IMF report  (Ref. 11). 
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