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EXECUTIVE SUMMARY 

The r e c e n t  d r a m a t i c  f a l l  i n  c r u d e  o i l  p r i c e s  h a s  r a i s e d  
e x p e c t a t i o n s  o f  a s i m i l a r  d e c r e a s e  i n  g a s o l i n e  p r i c e s  a t  t h e  
punp. Although g a s o l i n e  p r i c e s  have  u l t i m a t e l y  been reduced, t h e  
d e c l i n e  d i d  n o t  occur immediately. The response of p r i c e s  a t  t h e  
p m p  t o  changes i n  c rude  o i l  p r i c e s  and i n  t h e  exchange v a l u e  of 
t h e  pound (vis-a-vis  t h e  US dol la r )  seems t o  have been s lugg i sh .  

T h i s  p a p e r  examines  t h e  h i s t o r i c a l  r e l a t i o n s h i p  between 
c r u d e  o i l  p r i c e s ,  p r i c e s  o f  r e f i n e d  p r o d u c t s  a t  t h e  r e f i n e r y  
g a t e ,  and p r i c e s  a t  t h e  pump i n  t h e  UK. The q u e s t i o n s  addressed 
are: 

( a )  
( b )  

How long and how c o n s t a n t  a r e  t h e  response l a g s  over  time? 
Are a l l  c o s t  changes passed on equa l ly  r ap id ly?  

The study i d e n t i f i e s  f o u r  types  of time l a g s :  a r ecogn i t ion  
and decision-making l a g ,  a c o s t  adjustment ,  an unce r t a in ty  and an 
i n v e n t o r y  l a g .  It i s  a rgued  t h a t  t h e s e  time l a g s  a r e  n o t  
a d d i t i v e  . 

Econanetr ic  models t o  test  t h e  p r i c e  responses  and measure 
t h e  time l a g s  were constructed,and e s t ima t ion  used d a t a  for t h e  
per iod 1977-85. They c l e a r l y  show t h a t  v a r i a t i o n s  i n  net-of-tax 
r e t a i l  p r i c e s  ( a t  t h e  pump) a r e  a l m o s t  e n t i r e l y  e x p l a i n e d  by 
c h a n g e s  i n  p r o d u c t  p r i c e s  ( a t  t h e  r e f i n e r y  g a t e )  and i n  t h e  
exchange rate; but  t h a t  t he  adjustment  t o  t h e s e  changes h a s  been 
s l o w  b o t h  when c o s t s  i n c r e a s e d  and when c o s t s  d e c r e a s e d .  The 
u n r e s t r i c t e d  model s u g g e s t s  t h a t  t h e  mean time l a g  of net-of-tax 
r e t a i l  p r i c e s  t o  cos t  c h a n g e s  was  f o u r  and a h a l f  months. The 
r e s t r i c t e d  model estimates much longe r  time l a g s .  

Yet t h e  response of product  p r i c e s  ( a t  t h e  r e f i n e r y  ga t e )  t o  
crude p r i c e  changes was v e r y  rapid:  t h e  time l a g  has  a mean v a l u e  
of j u s t  o v e r  h a l f  a month. T h i s  i n d i c a t e s  t h a t  p r i c e s  a r e  much 
s t i c k i e r  a t  t h e  pump than  a t  t h e  r e f i n e r y  ga t e .  

The study conc ludes  wi th  a q u a l i f i c a t i o n .  The r ecen t  crude 
o i l  p r i c e  d e c r e a s e s  may be  p a s s e d  on t o  t h e  pump f a s t e r  t h a n  
s u g g e s t e d  by t h e  h i s t o r i c a l  d a t a .  T h e r e  may be a n  asymmetry i n  
companies' behaviour  when costs rise and when they  f a l l .  A s  t h e  
h i s t o r i c a l  d a t a  c o v e r  a l ong  per iod dur ing  which crude o i l  p r i c e s  
o f t e n  rose  and very  seldom d e c l i n e d ,  t hey  may n o t  have  picked up 
t h i s  asymmetrical response.  
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INTRODUCTION 

The r e c e n t  d r a m a t i c  f a l l  i n  t h e  p r i ce  of c r u d e  o i l  h a s  

focussed a t t e n t i o n  on t h e  r e l a t i o n s h i p  between crude o i l  prices 

and r e t a i l  g a s o l i n e  prices i n  t h e  UK. The c e n t r a l  i s s u e  is t h a t  

of how long  it normal ly  takes f o r  t h e  f a l l  i n  c o s t s  t o  be f e l t  i n  

a f a l l  i n  f i n a l  pr ices .  The p u r p o s e  o f  t h i s  s t u d y  is t o  

i n v e s t i g a t e  t he  r e l a t i o n s h i p  between these two v a r i a b l e s  o v e r  a 

p e r i o d  f o r  which  there  i s  homogeneous d a t a ,  and t o  see w h e t h e r  

t h e  l a g  has  been cons t an t  o v e r  time and whether a l l  c o s t  changes 

a r e  passed on e q u a l l y  r ap id ly .  

The f i r s t  s e c t i o n  o f  t h e  p a p e r  sketches t h e  n a t u r e  o f  t h e  

r e l a t i o n s h i p  between the  v a r i a b l e s ,  and describes the  econometric 

model t o  be used i n  e s t i m a t i n g  p a s t  b e h a v i o u r  and t e s t i n g  t h e  

v a r i o u s  hypo theses .  The second  s e c t i o n  o f  t h e  p a p e r  d i s c u s s e s  

t h e  d a t a  t o  be used and comments on t h e  problems a s soc ia t ed  w i t h  

u s i n g  t h e  d i f f e r e n t  p o t e n t i a l  s o u r c e s .  The t h i r d  s e c t i o n  

describes t h e  e s t ima t ion  of the  model and t h e  v a r i o u s  tests, and 

t h e  f i n a l  s e c t i o n  draws some conc lus ions  from t h e  study. 
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1 .  THE RELATION BETWEEN RETAIL GASOLINE PRICES AND CRUDE OIL 
PRICES 

(a) The Link Between Retai l  Gasoline And Product Prices 

(Refinery Gate) The r e l a t i o n s h i p  between t h e  ou tpu t  p r i c e  and 

t h e  i n p u t  p r i c e  is complex  i n  t h i s  c a s e  b e c a u s e  o f  a number of 

f a c t o r s .  I n  o r d e r  t o  c l a r i f y  t h i s  we t r a c e  t h e  l i n k s  s t a r t i n g  

with t h e  r e t a i l  p r ices .  

The r e t a i l  p r i c e  of gaso l ine  can be w r i t t e n  a s :  

R = f (SP,M) (1) 

where 

R is t h e  s t e r l i n g  n e b o f - t a x  r e t a i l  p r i c e  o f  g a s o l i n e  ( " a t  t h e  

pump" 1 ; 

SP is  t h e  s t e r l i n g  p r i c e  of r e f i n e d  g a s o l i n e  - i.e. t h e  ex- 

f a c t o r y  p r i c e ;  

M is a mark-up and allowance f o r  o t h e r  c o s t s .  

T h i s  f o r m u l a t i o n  is p u t  f o r w a r d  w i t h  t h e  i m p l i c a t i o n  t h a t  

t h e  mark up is cons tan t  and t h a t  o t h e r  costs (e.g. t r a n s p o r t )  a r e  

c o n s t a n t  o v e r  t h e  p e r i o d .  The f i r s t  a s s u m p t i o n  i m p l i e s ,  f o r  

example, t h a t  a l l  i n c r e a s e s  i n  tax would be f u l l y  passed on and 

n o t  a b s o r b e d  i n  a l o w e r  mark up. G i v e n  d a t a  on  t a x  c h a n g e s  i t  

would  be  p o s s i b l e  t o  t e s t  t h i s  d i r e c t l y .  The a b s e n c e  of o t h e r  

c o s t  s h i f t s  is i n  a sense  fo rced  on t h e  a n a l y s t  i n  t h e  absence of 

d a t a .  It may be t h a t  a t r e n d  v a r i a b l e  c o u l d  be  used  t o  c a p t u r e  

any such s h i f t s .  Apart  from t h e s e  two f a c t o r s  i t  may be t h a t  t h e  
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marg in  h a s  s h i f t e d  fo r  o t h e r  r e a s o n s  e.g. c h a n g e s  i n  t h e  

i n t e n s i t y  of competit ion.  The a c t u a l  technology i n v o l v e d  i n  t h i s  

s t a g e  of t r a n s f e r r i n g  r e f i n e d  products  from t h e  r e f i n e r y  t o  t h e  

pump h a s  p r o b a b l y  n o t  s h i f t e d  g r e a t l y  i n  c o s t  terms s o  t h a t  we 

would n o t  e x p e c t  t h e r e  t o  be l a r g e  r e l a t i v e  i n p u t  p r i c e  s h i f t s  

i nvo lved .  Th i s  shou ld  aga in  h e l p  t o  keep t h e  model s imple  f o r  

t h e  f irst  l i n k .  

The second l i n k  i s  t o  l o o k  a t  t h e  a c t u a l  p u r c h a s e  of t h e  

r e f i n e d  p r o d u c t .  Much o f  t h i s  i s  i m p o r t e d  and t h e  m a r k e t  i s  

c e r t a i n l y  domina ted  by w o r l d  and n o t  l o c a l  c o n d i t i o n s .  I n  

p a r t i c u l a r ,  t h e  p r i c e  of p r o d u c t s  i s  q u o t e d  i n  d o l l a r s  s o  t h a t  

t h e  purchase c o s t  cannot  be r e l a t e d  t o  t h e  r e t a i l  p r i c e  u n t i l  t h e  

s t e r l  i n g / d o l l a r  exchange  r a t e  i s  i n t r o d u c e d  i n t o  t h e  p i c t u r e .  

Often t h e  product p r i c e  is quoted f.o.b. so  t h a t  an adjustment  t o  

b r i n g  it up t o  a c.i.f. b a s i s  i s  r e q u i r e d .  I n  f a c t  t h i s  m a r g i n  

i s  s m a l l  so  t h a t  v a r i a t i o n s  i n  t h e  p r o d u c t  p r i c e  w i l l  swamp 

v a r i a t i o n s  i n  t h e  c . i . f J f .0 .b .  m a r g i n ,  and h e n c e  t h e  u s e  of an  

f.o.b. ser ies ,  i f  n e c e s s a r y ,  w i l l  n o t  d i s t o r t  t h e  p i c t u r e  too  

much. Pu t t ing  t h e  s i n g l e  v e r s i o n  of  t h e s e  two l i n k s  t o g e t h e r  we 

have: 

R = M. (P/E) (2) 

where 

E is exchange rate 

M is a percentage  mark up f a c t o r .  

If a l l  a d j u s t m e n t s  t o  c h a n g e s  i n  p r o d u c t  p r i c e s  o r  t h e  

exchange r a t e  were made in s t an taneous ly  we would move immediately 

t o  t h e  e s t ima t ion  of (2) and t o  tes ts  for t h e  s t a b i l i t y  of M. 

However, i n  most markets  t h e r e  a r e  l a g s  between changes i n  
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i n p u t  v a r i a b l e s  and c h a n g e s  i n  o u t p u t  v a r i a b l e s .  

occur  f o r  a nunber of reasons: 

( i)  

(ii) 

(iii) 

( i v )  

These  l a g s  

t h e r e  is a recogni t ion  and d e c i s i o n  making l a g ;  

t h e r e  is a l a g  due t o  c o s t s  of adjustment;  

a l a g  due t o  unce r t a in ty ;  

a l a g  due t o  the  e x i s t e n c e  of  i n v e n t o r i e s .  

It seems u n l i k e l y  t h a t  t h e  f i r s t  l a g  is  of any importance i n  

t h i s  market where information is freely and r e a d i l y  a v a i l a b l e .  

The second r e a s o n  f o r  a l a g  is  a l s o  u n l i k e l y  t o  be a g r e a t  

s i g n i f i c a n c e  s i n c e  the  s i n g l e  change of p r i c e s  a t  r e t a i l  is a low 

c o s t  opera t ion  and it is u n l i k e l y  t h a t  spreading  out t h e  change 

would  be v a l u a b l e .  The t h i r d  and f o u r t h  r e a s o n s  seem t h e  mos t  

important. If we assune t h a t  firms a r e  u n w i l l i n g ,  because of t h e  

s t r u c t u r e  o f  c o m p e t i t i o n ,  t o  keep  making t e m p o r a r y  c h a n g e s  i n  

p r i ces ,  t h e n  t h e y  w i l l  need t o  be c o n v i n c e d  t h a t  a change  i n  

t h e i r  c o s t  p o s i t i o n  ( f o r  be t t e r  o r  worse )  w i l l  r emain  fo r  some 

time, b e f o r e  t h e y  a r e  w i l l i n g  t o  r e a c t  t o  it. Hence t h e  f i r s t  

r e a c t i o n  t o  a c o s t  change  w i l l  be o f t e n  a "wa i t  and seet1 

s t r a t e g y .  As i t  becomes c l e a r e r  t h a t  t h e  change  i s  permanent  

then  t h e  price change w i l l  be introduced.  

The r e a c t i o n s  t o  changes i n  product p r i c e s  and t o  changes i n  

exchange  r a t e s  may wel l  be d i f f e r e n t  a c c o r d i n g l y  t o  t h e  a b o v e  

l i n e  of reasoning. Major changes i n  product prices w i l l  be f o r  

r e a s o n s  d i r e c t l y  c o n n e c t e d  w i t h  t h e  o i l  i n d u s t r y  and w e l l  

understood by t h e  indus t ry .  On t h e  o t h e r  hand, movements i n  t h e  

d o l l a r / s t e r l i n g  exchange  r a t e  occur f o r  a v a r i e t y  o f  r e a s o n s ,  

many of which  a r e  e x t e r n a l  t o  t h e  i n d u s t r y  and w h i c h  a r e  i n  any 

c a s e  much l e s s  p r e d i c t a b l e .  If t h i s  is t r u e  t h e n  it would  be 
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expected t h a t  r e t a i l  p r i ces  wou ld  r e s p o n d  more r a p i d l y  t o  a 

product price change than t o  an exchange rate change. 

F i n a l l y ,  i n v e n t o r i e s  can p l a y  an important  role i n  pr ic ing .  

If items a re  p r i c e d  on a FIFO ( f i r s t  i n ,  f i r s t  o u t )  b a s i s  t h e n ,  

t h e  g r e a t e r  t h e  s i z e  of t h e  inven to ry  i n  r e l a t i o n  t o  s a l e s ,  t h e  

l o n g e r  it t a k e s  before  t h e  h igher  priced i n p u t s  tlbecmetl h ighe r  

pr iced  outputs .  With LIFO ( l a s t  i n ,  f i r s t  ou t )  p r i c i n g  t h e  s i z e  

of t h e  inven to ry  is immater ia l  and there would be no l a g  because 

of t he  ex i s t ence  of i nven to r i e s .  A mixed p o l i c y  would produce a 

l a g  which was r e l a t e d  t o  t he  s i z e  of t h e  t y p i c a l  inventory.  We 

can see t h a t  t h i s  l a g  is i n v a r i a n t  w i t h  r e spec t  t o  product p r i c e s  

o r  exchange rates ( s ince  t h e  s t o c k  h a s  a l r e a d y  been paid for) b u t  

w i l l  vary i f  t he  i n v e n t o r y / s a l e s  r a t i o  is changed. If h igher  o i l  

and product prices l e d  t o  s m a l l e r  i n v e n t o r i e s  being h e l d  a f t e r  

t h e  1979 o i l  p r ice  shock  ( o r  a s  a r e s u l t  o f  i n c r e a s e s  i n  r e a l  

i n t e r e s t  r a t e s )  t hen  t h e  l a g  cou ld  be expected t o  have  shortened. 

From t h i s  d i scuss ion  we can see t h a t  there a r e  good reasons  

t o  expect a l a g  between c h a n g e s  i n  p r o d u c t  p r i c e s  and exchange  

r a t e s  and changes i n  r e t a i l  pr ices .  Th i s  l a g  shou ld  exist both 

when g e n e r a l  c o s t s  r i se  or  f a l l ,  and c o u l d  v a r y  depend ing  on 

economic c o n d i t i o n s .  An i m p o r t a n t  c o n s i d e r a t i o n  is t h a t  t h e  

speed of adjustment  ( l e n g t h  of  t he  l a g )  cou ld  be d i f f e r e n t  w i t h  

respect t o  changes i n  product prices and t o  changes i n  exchange 

r a t e s .  

An i m p o r t a n t  q u e s t i o n  is  w h e t h e r  these d i f f e r e n t  t y p e s  o f  

l a g s ,  i f  t h e y  e x i s t ,  a r e  a d d i t i v e  i.e. whether  a o n e  month l a g  

due t o  FIFO p r i c ing ,  and an inven to ry  equa l  t o  one month's s a l e s ,  

should be added t o  a one month l a g  i n  respect of unce r t a in ty  o v e r  
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c h a n g e s  i n  c o s t s .  C l e a r l y  t h e r e  i s  no  r e a s o n  t o  e x p e c t  

a d d i t i v i t y  w h i l e  t h e  i n v e n t o r y  i s  b e i n g  "used up1I a t  t h e  o l d  

p r i c e s  t h e  firm w i l l  be c o l l e c t i n g  a month's experience on c o s t s  

and w i l l  be ready t o  dec ide  whether it is necessary t o  t a k e  them 

i n t o  account i n  p r i c i n g  a t  r e t a i l .  Hence t h e  adjustment  process  

is dominated by t h e  l o n g e r  of  t h e  two l a g  processes.  O f  course,  

i f  t h e  l a g  l e n g t h s  change  o v e r  time we c o u l d  see a s i t u a t i o n  

where t h e  inven to ry  d i c t a t e d  t h e  l a g  l e n g t h  of one per iod w h i l e  

t h e  adjustment  l a g  t o  t h e  new expected c o s t s  dominated i n  another  

per iod.  

To b e g i n  w i t h  we s h a l l  assume a un i fo rm l a g  s t r u c t u r e  i.e. 

one  t h a t  d o e s  n o t  change  w i t h  economic c i r c u m s t a n c e s .  The 

s tandard  way t o  f o r m a l i s e  equat ion  (2) i n t o  a dynamic response is 

t o  write it: 

where a (L)  is  a l a g  polynomial i .e. 

where t h e  sum of t h e  l ag  weights  is 
a3 

C a i =  1 
i = o  

( 5 )  

T h i s  f o r m u l a t i o n  h a s  two d i s a d v a n t a g e s  f rom o u r  p o i n t  o f  

view. F i r s t l y ,  it c o n s t r a i n s  t h e  speed of response t o  changes i n  

p r o d u c t  p r i c e s  and t o  c h a n g e s  i n  t h e  exchange  r a t e  t o  be t h e  

same. We can  h a n d l e  t h i s  g e n e r a l i s a t i o n  by e x p r e s s i n g  (2) i n  

l o g s  and apply ing  s e p a r a t e  l a g  polynomia ls  t o  t h e  two elements.  

I n  R = I n  M + b(L) I n  P - c(L) I n  E (6) 

where c b i  = ci (7) 

- which imposes t h e  same e f f e c t i v e  cond i t ion  a s  ( 5 ) .  The second 

6 



d i f f i c u l t y  is an econometric one. The l a g  s t r u c t u r e s  i n v o l v e d  i n  

r e a c t i n g  t o  c h a n g i n g  c o s t s  may be l e n g t h y .  T h i s  w i l l  i n v o l v e  

l o s s  of p rec i s ion  i n  e s t i m a t i o n  because of p o s s i b l e  c o l l i n e a r i t y  

beween t h e  l a g  v a r i a b l e s .  The s t a n d a r d  way t o  a v o i d  t h i s  

d i f f i c u l t y  is t o  rewrite t h e  gene ra l  polynomials  b(L) and c(L) a s  

r a t i o s  of p o l y n o m i a l s ,  where t h e  n u m e r a t o r  and d e n o m i n a t o r  

polynomials a r e  of low order .  

I n  R = ln(M) + d(L)  I n  P -U I n  E 
w(L)  w(L)  

The r e s t r i c t i o n s  t h a t  mus t  be imposed a re :  

(8) 

( 9 )  

c d i  = c w i  (10) 

so t h a t  i n  t h e  long  run t h e  mark up is cons tan t .  

It is important  t o  use t h e  same denominator polynomial so t h a t  we 

can rewrite t h e  equat ion  i n  a form f o r  e s t ima t ion :  

w(L) I n  R = w(L)ln M + d(L) I n  P - g(L) I n  E (1  1) 

where  w o  i s  s e t  a t  1 and ( 9 )  and (IO) a r e  imposed. I n  a c t u a l  

e s t i m a t i o n  (8) is a s t o c h a s t i c  e q u a t i o n  s o  t h a t  t h e  choice o f  

w(L)  i s  s u c h  a s  t o  p roduce ,  i f  p o s s i b l e ,  s e r i a l l y  i n d e p e n d e n t  

e r r o r  terms i n  (11) .  I f  t h e  e r r o r  terms a r e  n o t  s e r i a l l y  

independent then t h i s  is  s t r o n g  ev idence  t h a t  some v a r i a b l e  h a s  

been omitted and t h a t  p o s s i b l y  t h e  l a g  d i s t r i b u t i o n  is probably 

t o o  s h o r t .  

We can now i l l u s t r a t e  f o r  a s imple  set of polynomials.  Let 

t h e  polynomials a l l  be of f i rs t  order .  The model is then:  

* I n  R I  + w1 I n  R-l = M + do I n  P + d l /  I n  P-1 - go I n  E 

- g l  I n  E-1 (12)  
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with 1 + w1 = do + dl  (13) 

which y i e l d s  t h e  r e s t r i c t e d '  equat ion:  

I n  R = M" + do[ln P-ln R-1-ln E- 1 
+ d l [ l n  P-l-ln R-l-ln E-lj-go[ln E-ln E-11 (15) 

Even though there a r e  o n l y  t h r e e  l a g  c o e f f i c i e n t s  t o  be es t imated  

t h e  a c t u a l  r e s p o n s e  of p r i c e s  t o  i n p u t  c o s t s  i s  s p r e a d  o v e r  a n  

i n f i n i t e  p e r i o d ,  b u t  w i t h  t h e  b u l k  of t h e  a d j u s t m e n t  coming 

r ap id ly .  The average  l a g  response is g i v e n  i n  gene ra l  from (6) 

which is  e x p r e s s i b l e  a s  

where t h e  nunera tor  is t h e  f i r s t  d e r i v a t i v e  of  t h e  l a g  polynomial 

e v a l u a t e d  a t  u n i t y .  Using t h e  s u b s t i t u t i o n s  o f  (8) it c a n  

f u r t h e r  be shown t h a t  i n  g e n e r a l  

The v a l u e s  o f  t h e  w i  and d i  c a n  t h e n  be u s e d  t o  c a l c u l a t e  t h e  

mean l a g s  of t h e  two inpu t  v a r i a b l e s .  

The g e n e r a l  model  we h a v e  d e v e l o p e d  i s  s u i t a b l e  f o r  

e s t ima t ing  t h e  c o r e  r e l a t i o n s h i p  between product p r i ces ,  exchange 

r a t e s  and r e t a i l  p r i c e s .  It is  c a s t  i n  a form t h a t  i g n o r e s  two 

i m p o r t a n t  p o s s i b i l i t i e s .  The f i r s t  is t h a t  t h e  force of 
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competi t ion may vary s y s t e m a t i c a l l y  o v e r  time so t h a t  t h e  mark-up 

changes .  T h i s  e f f e c t  i s  u s u a l l y  r e l a t e d  t o  a l l p r e s s u r e  o f  

demand" t y p e  v a r i a b l e  and t o  model  it we wou ld  need t o  make M 

v a r y  w i t h  a m e a s u r e a b l e  index .  The second  p o s s i b i l i t y  i s  o n e  

which d e r i v e s  from t h e  f a c t  t h a t  many companies a r e  v e r t i c a l l y  

i n t e g r a t e d  between t h e  r e t a i l  and r e f i n i n g  s t a g e s  of t h e  

i n d u s t r y .  I n  s u c h  a c a s e  g a s o l i n e  is  o n l y  one o f  t h e  j o i n t  

o u t p u t s  of r e f i n i n g  and t h e  p o s s i b i l i t y  of  t h e  market f o r  o t h e r  

products  i n f l u e n c i n g  t h e  p r i c i n g  of g a s o l i n e  mus t  be considered. 

If t h e  demands for t h e  d i f f e r e n t  products  a r e  independent it 

is e v i d e n t  t h a t  f o r  p r o f i t  maximisation i n  a normal compe t i t i ve  

m a r k e t  e a c h  o u t p u t  would  be p r i c e d  a t  t h e  f a c t o r y  g a t e  i n  t h e  

u s u a l  f a s h i o n  and hence  t h e  r e t a i l  p r i c e  would  be i n  a f i x e d  

r e l a t i o n  t o  t h e  p r o d u c t  p r i c e  ( a s suming  t h a t  t h e r e  was no  

s u b s t i t u t i o n  p o s s i b l e  v i s - a - v i s  t h e  o t h e r  i npu t  c o s t s  t o  r e t a i l  

s a l e s  and t h a t  t h e s e  r e l a t i v e  c o s t s  d i d  n o t  change). However, i n  

a s i t u a t i o n  where  firms h a v e  a c e r t a i n  amount o f  marke t  power 

t h i s  power cou ld  be v a r i e d  a s  between product  pr ices .  However, 

it is less  easy t o  see why t h i s  would be expressed i n  t h e  effect  

on r e t a i l  p r i c e s  s i n c e  t h e  degree of concen t r a t ion  i n  t h e  r e t a i l  

m a r k e t  i s  p r o b a b l y  low enough t o  p u t  s u b s t a n t i a l  l o n g  r u n  

p res su re  on pr ices .  Cross s u b s i d i s a t i o n  of (say)  low heavy o i l  

fuel p r i c e s  by r e t a i l  g a s o l i n e  p r i c e s  seems n o t  a p r i o r i  t o  be a 

s u s t a i n a b l e  s t r a t egy .  

Given t h i s  d i scuss ion  we can make equa t ions  such a s  (15) t h e  

s t a r t i n g  po in t  of ou r  a n a l y s i s  and o n l y  i f  they  f a i l  t o  e x p l a i n  

t h e  d a t a  s a t i s f a c t o r i l y  move t o  more complex  b u t  l e s s  p r e c i s e  

formula t ions  , 
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F i n a l l y  we must cons ide r  t h e  r a t e  of t a x a t i o n  i n  t h i s  model. 

R e t a i l  p r i c e s  of g a s o l i n e  a t  t h e  pump i n c l u d e  a ve ry  l a r g e  amount 

of taxa t ion .  The companies i n  s e t t i n g  t h e  p r i c e  have t h e  choice  

o f  w h e t h e r  t o  f u l l y  " p a s s  on" any t a x  i n c r e a s e s  o r  t o  f u l l y  

a b s o r b  them or  t o  p a r t i a l l y  p a s s  them on. I n  terms of o u r  f u l l  

passing on (i.e. t a x e s  a r e  t r e a t e d  a s  any o t h e r  c o s t )  s o  t h a t  t h e  

long  run equat ion  becomes: 

R = M. (P.T/E) (19) 

where  T i s  t h e  t a x  "mark upt1 v a r i a b l e  (i.e. t h e  r a t i o  of t h e  

p r i c e  g r o s s  of t a x  t o  t h e  p r i c e  n e t  of tax) .  I n  p r a c t i c e  no t  a l l  

t a x e s  a r e  c h a r g e d  on a n  v a l o r e m  b a s i s  s o  t h a t  t h e r e  is  a n  

e l e m e n t  o f  d i s t r a c t i o n  i n  t h i s  f o r m u l a t i o n .  However,  f o r  

a n a l y t i c a l  c o n v e n i e n c e  t h i s  model  i s  p r e f e r a b l e  t o  one  which  

a t t e m p t s  t o  model  t h e  t a x  i n c i d e n c e  e x a c t l y ,  w h i l e  t h e  e r r o r  

introduced is  n o t  l i k e l y  t o  be s u b s t a n t i a l .  The dynamic equat ion  

c a n  a l l o w  f o r  a d i f f e r e n t  s p e e d  o f  p a s s i n g  on  of e a c h  o f  t h e  

t h r e e  c o s t  elements:  

w(L)ln R = M" + d ( L ) l n  P +e (L) ln  T - f ( L )  I n  E (20) 

If we wish t o  tes t  t h e  hypothes is  t h a t  t a x e s  are n o t  passed 

on f u l l y  b u t  wanted  t o  k e e p  t o  t h e  h y p o t h e s i s  t h a t  o t h e r  c o s t  

c h a n g e s  were f u l l y  p a s s e d ,  t h e n  we wou ld  need  t o  change  t h e  

e q u a t i o n .  E f f e c t i v e l y  t h e  c o e f f i c i e n t s  on t a x e s  wou ld  n o t  be 

cons t ra ined  t o  be f u l l y  passed on, w h i l e  t hose  on t h e  o t h e r  two 

c o s t  v a r i a b l e s  would be cons t r a ined  a s  exp la ined  above. 

(b) The Link Between Product Prices (Refinery Gate) And Crude 

Prices The second l i n k  i n  t h e  cha in  beween crude o i l  and r e t a i l  

g a s o l i n e  i n v o l v e s  t h e  l i n k  from c r u d e  o i l  t o  r e f i n e d  p r o d u c t  

p r i c e s  ( a t  t h e  r e f i n e r y  g a t e ) .  T h i s  h a s  been  s t u d i e d  i n  some 
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d e t a i l  i n  Bacon [ I ]  f o r  two ma jo r  crudes, A r a b i a n  L i g h t  and 

Nigerian Light ,  f o r  t h e  period 1976 t o  1983. 

To e s t a b l i s h  t h e  n a t u r e  and t i m i n g  o f  t h e  l i n k  from crude 

o i l  prices t o  product  p r i c e s  it is  necessary t o  l o o k  more c l o s e l y  

a t  t h e  t e c h n o l o g y  o f  r e f i n i n g .  I n  r e f i n i n g  crude s e v e r a l  

p roducts  a r e  produced, each o f  which f a c e s  a d i s t i n c t  demand and 

has  a s e p a r a t e  pr ice .  The technology on a g i v e n  p l a n t  is c a p a b l e  

of some v a r i a t i o n  t o  a l t e r  t h e  p r o d u c t  m i x  a c c o r d i n g  t o  demand 

c o n d i t i o n s ,  b u t  t h e  most  i m p o r t a n t  f e a t u r e  o f  t h i s  m a r k e t  h a s  

been t h e  c h a n g i n g  t e c h n i c a l  c a p a b i l i t i e s  o f  new or  r e n o v a t e d  

r e f i n i n g  p l an t .  With a j o i n t  product,  w i t h  f i x e d  c o e f f i c i e n t s  of 

o u t p u t ,  and no s u b s t i t u t i o n  o f  o the r  i n p u t s  ( f u e l ,  t r a n s p o r t ,  

etc.) t h e  sun of t h e  output  of a b a r r e l  of r e f ined  o i l  va lued  a t  

market p r i c e s  l ess  the  marginal  product ion c o s t s  should  be equa l  

t o  t h e  c o s t  of ob ta in ing  t h e  o i l  ( i n  a compet i t ive  market)  

i.e. 
c z i p i - c =  o +  t (21 1 

where 

Pi is price of r e f ined  product i, 

Z i  i s  t h e  amount of p r o d u c t  i o b t a i n e d  i n  r e f i n i n g  a b a r r e l  o f  

o i l ,  

C is c o s t  of r e f i n i n g  an extra barrel ,  

0 is crude o i l  

t is  t r a n s p o r t  c o s t  fo r  a m a r g i n a l  b a r r e l  be tween p o i n t  o f  

price f.o.b. ,  

e x t r a c t i o n  and the  r e f i n e r y .  

I f  we s u b t r a c t  t h e  t r a n s p o r t  c o s t  ( c . i . f J f . 0 .b .  m a r g i n )  

f rom b o t h  s ides  of (20) we o b t a i n  t h e  c o n d i t i o n  t h a t  a t  t h e  

marg in  t h e  ' n e t b a c k '  w i l l  e q u a l  t h e  p r i ce  o f  c r u d e  o i l .  I n  
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p r a c t i c e ,  a s  d i scussed  i n  d e t a i l  by Bacon, t h i s  cond i t ion  must be 

g e n e r a l i s e d  t o  t a k e  account  of some important  f e a t u r e s  of  t he  o i l  

indus t ry .  Nevertheless it c o n t a i n s  t h e  e s s e n t i a l  t r u t h  for our 

p u r p o s e s  of t h e  r e l a t i o n s h i p  between crude p r i c e s  and p r o d u c t  

prices. Suppose now t h a t  crude p r i c e s  s h i f t  because of a change 

i n  supp ly  cond i t ions  ( r a t h e r  than  because of demand condi t ions) .  

A s  t h e  pr ice  o f  crude f a l l s ,  t h e  p r i c e s  o f  a l l  p r o d u c t s  w i l l  

g r a d u a l l y  have t o  be adjusted.  The product p r i c e s  need n o t  a l l  

f a l l  by t h e  same p e r c e n t a g e  s i n c e  t h i s  w i l l  depend i n  t h e  l o n g  

run  on t h e  e l a s t i c i t y  of demand from t h e  d i f f e r e n t  p r o d u c t s .  

However, we can assune t h a t  t h e  r e l a t i o n  between the  crude p r i c e  

and e a c h  p r o d u c t  p r i c e  is  g e a r e d  t o  a l o n g  run  p r o p o r t i o n a l i t y  

and t h a t  t h i s  'mark up' d o e s  n o t  s h i f t  t o o  d r a m a t i c a l l y  f o r  

r e f i n e d  g a s o l i n e  du r ing  t h e  period. There w i l l  of course  be l a g s  

i n  p a s s i n g  on t h e  p r i ce  c h a n g e s  f o r  t h e  same t y p e  o f  r e a s o n s  a s  

were mentioned f o r  t he  l a g  i n  pass ing  on product p r i c e s  t o  r e t a i l  

prices: 

(i) dec i s ion  and r ecogn i t ion  l a g s ;  

(ii) c o s t s  of adjustment  l a g s ;  

(iii) l a g s  due t o  unce r t a in ty ;  

( i v )  l a g s  due t o  t h e  presence o f  i nven to r i e s .  

Again t h e  f i r s t  two r e a s o n s  a r e  l i k e l y  t o  be  much l e s s  

important  than the  l a t t e r  two. The i n v e n t o r i e s  of crude o i l  h e l d  

by r e f i n e r s ,  i f  opera ted  on a FIFO b a s i s ,  would g i v e  a steady l a g  

i n  p a s s i n g  on p r i c e s ;  w h i l e  t h e  u n c e r t a i n t y  of f u t u r e  c r u d e  

p r i c e s  would g i v e  rise t o  p a r t i a l  adjustment. S ince  both crude 

and p r o d u c t s  a r e  p r i c e d  i n  d o l l a r s  there  i s  no  exchange  r a t e  

unce r t a in ty  t o  deal wi th  ( a 1  though movements i n  t he  exchange r a t e  
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w i l l  be f e l t  through s h i f t s  i n  demand f o r  t h e  r e t a i l  products).  

Hence we cou ld  write an equat ion  of  t h e  form: 

I n  P = I n  N + k(L) I n  0 
h( L) 

(22) 

t o  r e p r e s e n t  t h e  l a g g e d  r e s p o n s e  of p r o d u c t  p r i c e s  t o  c r u d e  

p r i c e s .  I n  t h e  l o n g e r  r u n  N i s  u n l i k e l y  t o  be  c o n s t a n t ,  a s  we 

have pointed out ,  but  it may be s u f f i c i e n t l y  i n v a r i a n t  t o  a l l o w  

i d e n t i f i c a t i o n  of  t h e  l a g s  involved.  

So f a r  a l l  t h e  d i scuss ion  has  concent ra ted  on shocks which 

ar ise  on t h e  supply  s i d e  and which see t h e  p r i c e  of crude f a l l i n g  

before  t h e  p r i c e s  of products  and r e t a i l  p r ices .  However, it is 

n e c e s s a r y  t o  m e n t i o n  t h e  d i f f i c u l t i e s  r a i s e d  by t h e  r e v e r s e  

c a u s a l i t y .  With s h o c k s  a r i s i n g  on t h e  demand s i d e  it c o u l d  be 

t h a t  r e t a i l  p r i c e s  have  t o  be ad jus t ed  f i r s t ,  t h a t  product  p r i c e s  

f o l l o w  and f i n a l l y  c r u d e  p r i c e s .  I n  t h e  c a s e  of  a s p e c i f i c  

m a r k e t  (i.e. U K  s a l e s  o f  r e t a i l  g a s o l i n e )  t h e  i m p a c t  of l o w e r  

l o c a l  g a s o l i n e  p r i c e s  on r e f i n e d  p r o d u c t  p r i c e s ,  which a r e  

determined i n  t h e  wor ld  market,  is l i k e l y  t o  be n e g l i g i b l e .  The 

second  l i n k  is  more p r o b l e m a t i c  - i f  p r o d u c t  p r i c e s  f a l l  t h e n  

t h i s  i s  g o i n g  t o  be t h e  r e s u l t  of a v e r y  l a r g e  s h i f t  i n  demand 

worldwide and t h e  effect on crude p r i c e s  w i l l  be e q u a l l y  l a r g e .  

I f  we c o n c e n t r a t e  j u s t  on t h e  p r o d u c t  p r i c e  o f  g a s o l i n e  t h e  

f e e d b a c k  i s  o f  c o u r s e  l e s s  b u t  t h e  l i k e l y  s i m u l t a n e i t y  o f  a l l  

product p r i c e s  f a l l i n g  t o g e t h e r  (caused by a wor ld  r eces s ion )  may 

mean t h a t  on o c c a s i o n  g a s o l i n e  p r o d u c t  p r i c e s  a p p e a r e d  t o  l e a d  

c rude  pr ice .  Without cons t ruc t ing  a complete  model of t h e  world 

p r o d u c t i o n / r e f i n i n g  i n t e r a c t i o n  it is n o t  p o s s i b l e  t o  be s u r e  

t h a t  a s h a r p  i d e n t i f i c a t i o n  o f  t h e  l a g s  and l e a d s  h a s  been 

13 



a c h i e v e d .  Fo r  t h e  p u r p o s e s  of t h i s  s t u d y  we c a n  m e r e l y  remind 

o u r s e l f  of t h i s  d i f f i c u l t y  when i n t e r p r e t i n g  t h e  ev idence  on the  

n a t u r e  o f  t h e  l a g  be tween r e f i n e d  p r o d u c t  pr ices  and c r u d e  o i l  

prices. 
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2. THE SOURCES AND NATURE OF DATA USED 

We need d a t a  on f ive main v a r i a b l e s :  

( i )  r e t a i l  g a s o l i n e  p r i c e s ;  

(ii) f a c t o r y  g a t e  product p r i c e s ;  

(iii) crude o i l  p r i c e s ;  

( i v )  exchange ra te ;  

( V I  t a x  r a t e s .  

Before desc r ib ing  each v a r i a b l e  i n  t u r n  there are two common 

d i m e n s i o n s  t o  be c o n s i d e r e d .  The time s p a n  o f  t h e  d a t a  and t h e  

frequency of observa t ion .  I d e a l l y ,  t o  understand t h e  dynamics of 

t h e  1986 p r i c e  f a l l  we should  s tudy p rev ious  f a l l s  i n  t h e  price 

of crude o i l .  The p rev ious  ep isodes  w i t h  s u b s t a n t i a l  f a l l s  were 

t h e  Autumn of 1983 (from a round  $33 t o  $28 f o r  s p o t  A r a b i a n  

L i g h t )  and from November 1980 ($41) t o  J u l y  1981 ($32). Before 

t h i s  there  had n o t  been  a s u b s t a n t i a l  f a l l  back  t o  1977. T h i s  

sugges t s  t h a t  if the  model cou ld  i n c l u d e  a t  l e a s t  1980 it would 

c a t c h  the  two pe r iods  of price f a l l s .  Neither of t h e s e  f a l l s  was 

a s  d r a m a t i c  a s  t h e  f a l l  i n  1986 and t h e  o n l y  episode o f  

c o m p a r a b l e  m a g n i t u d e  was  t h e  l a r g e  p r i c e  r i s e  f rom l a t e  1979 

($13) t o  l a t e  I980 ($40). I n  o rde r  t o  check whether t h e  speed of 

r e s p o n s e  was a symmet r i c  w i t h  r e s p e c t  t o  p r i c e  i n c r e a s e s  and 

dec reases  it is c e r t a i n l y  u s e f u l  t o  go back a t  l e a s t  t o  1978. 

The frequency of t h e  d a t a  i d e a l l y  needs t o  be h igh  enough t o  
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match t h e  speed of response. I f  t h e  l a g s  a r e  of t h e  o rde r  of one 

month then c l e a r l y  q u a r t e r l y  d a t a  w i l l  comple te ly  b l u r  t he  rise. 

I n  p r a c t i c e ,  monthly d a t a  is commonly a v a i l a b l e  and it is hoped 

t h a t  t h e  speed o f  response is no t  s u b s t a n t i a l l y  quicker .  

( i) R e t a i l  Gasol ine  Prices 

For the  UK there a r e  a nunber of independent sources  of 

information on r e t a i l  g a s o l i n e  prices and we b r i e f l y  describe the  

d i f f e r e n c e s  i n  coverage between t h e  series. 

( a )  Digest of UK Energy S t a t i s t i c s  

T h i s  g i v e s  a mon th ly  ser ies  f o r  f o u r  s t a r  g a s o l i n e  

inc lud ing  tax.  Using known v a l u e s  f o r  V.A.T. and excise 

t a x  t h i s  se r ies  i s  c o n v e r t e d  i n t o  an  ex t a x  p r i c e  i n  

pence / l i t r e .  The series is pub l i shed  on a monthly b a s i s  

o n l y  from J a n u a r y  1981 b u t  u n p u b l i s h e d  d a t a  were made 

a v a i l a b l e  by Depar tment  o f  Energy on a m o n t h l y  b a s i s  

from 1977. The d a t a  i s  fo r  p r i c e s  p a i d  a round  t h e  1 5 t h  

of e a c h m o n t h  and is  s u p p l i e d  by o i l  companies .  It i s  

i n  effect a n a t i o n a l  average  pr ice .  As an i n d i c a t o r  of 

broad price t r e n d s  it is c l e a r l y  very  use fu l .  The d a t a  

i s  shown i n  F i g u r e  1. 

(b)  I n t e r n a t i o n a l  Crude O i l  and Product Prices 

These p r i c e s  for premiun g a s o l i n e  a r e  g iven  ex  t a x  and 

a r e  m o n t h l y  a v e r a g e s .  They a r e  a v a i l a b l e  f rom t h e  

b e g i n n i n g  of 1977. The o r i g i n a l  s o u r c e  o f  t h e  d a t a  i s  

n o t  r e v e a l e d .  It is  v e r y  s t r i k i n g  t h a t  t h i s  s e r i e s  

o f t e n  shows no v a r i a t i o n  - for  example, t h e  series does  

. 
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n o t  change  be tween J a n u a r y  1983 and J a n u a r y  1984. 

ag reemen t  w i t h  t h e  d a t a  f rom Diaest  ~f Energy  

-------- S t a t i s t i c s  is o f t e n  poor  ( a l m o s t  16% d i f f e r e n c e ,  for  

example ,  i n  e a r l y  1983). T h i s  l e a d s  us t o  r e j ec t  t h e  

se r ies  b o t h  b e c a u s e  of p o t e n t i a l  i n a c c u r a c i e s  and t h e  

i n a b i l i t y  o f  r e l a t i n g  i t  t o  a n y  s p e c i f i c  s a m p l e  

coverage. 

( c )  Petroleum Times 

T h i s  s o u r c e  o f  d a t a  p r e s e n t s  two d i f f e r e n t  t y p e s  o f  

information. F i r s t l y ,  on a company by company b a s i s  (14 

companies) it g i v e s  scheduled p r i c e s  for r e t a i l e r s  both 

i n c l u d i n g  and e x c l u d i n g  t a x .  T h i s  i n f o r m a t i o n  i s  

p u b l i s h e d  f o r t n i g h t l y  and  i s  a v a i l a b l e  from t h e  

beginning of t h e  period. These p r i c e s  appear t o  be more 

o f  t h e  s t a t u s  o f  " o f f i c i a l 1 1  p r i c e s  r a t h e r  t h a n  p r i c e s  

charged a t  t h e  punp on an average  basis .  

From A p r i l  1981 Petroleum Times a l s o  p u b l i s h  f o r t n i g h t l y  

a s u r v e y  o f  a c t u a l  pump p r i c e s  ( i n c l u d i n g  t a x )  i n  20 

towns and cit ies,  f o r  f o u r  s ta r  (and l a t t e r l y  two s t a r )  

g a s o l i n e .  T h i s  v e r y  r i c h  s o u r c e  of d a t a  would  need  t o  

be s i m p l i f i e d  f o r  t h e  p u r p o s e  o f  t h i s  s t u d y .  We wou ld  

probably have  t o  t a k e  t h e  mid-range pr ice .  One n o t a b l e  

f e a t u r e  of t h e s e  p r i c e s  is t h a t  a f t e r  budget changes a r e  

announced, t h e  p m p  p r i c e s  seem t o  t a k e  a f o r t n i g h t  or a 

month t o  r e a c t .  T h i s  means t h a t  t h e  ex - t ax  p r i c e  i n  

effect  f a l l s  a f t e r  a budget bu t  then is res tored .  

The g r e a t  advantage of t h i s  d a t a  is t h a t  a l though it is 

a v a i l a b l e  on a much s h o r t e r  per iod than o t h e r  series it 

The 
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is on a h i g h e r  f r e q u e n c y  b a s i s  and t h i s  may be u se fu l  

f o r  p ick ing  up s h o r t  l a g s .  

(ii) Refined Product P r i c e s  

The main s o u r c e  o f  p r o d u c t  p r i c e s  is P l a t t ' s  

-- Oilgram P r i c e  ReDort. However, t hese  are c o l l e c t e d  t o g e t h e r  i n  

monthly averages  i n  I n t e r n a t i o n a l  Crude ul and Product P r i c e s  

and we u s e  t h i s  s e c o n d a r y  source fo r  c o n v e n i e n c e .  The d a t a  i s  

f o r  b a r g e  c a r g o e s  f.o.b. Rot te rdam i n  d o l l a r s / t o n n e  and i s  

a v a i l a b l e  from t h e  b e g i n n i n g  of 1977 (when o u r  s t u d y  s t a r t s ) .  

The s e r i e s  used  is  fo r  g a s o l i n e  98/99 which c o r r e s p o n d s  t o  t h e  

f o u r  s t a r  r e t a i l  pr ice .  The d a t a  is shown i n  F igure  2. 

(iii) Crude P r i c e s  

It is wi th  t h e  choice  of d a t a  f o r  crude o i l  p r i c e s  

t h a t  we face t h e  b igges t  conceptua l  problem. Ref iners  can choose 

b e t w e e n  d i f f e r e n t  c r u d e s ,  a n d  i n  e q u i l i b r i u m  s h o u l d  b e  

i n d i f f e r e n t  between them. The d i f f e r e n c e s  i n  r e f i n i n g  p r o p e r t i e s  

and i n  t r a n s p o r t  c o s t s  should  be r e f l e c t e d  i n  t h e  d i f f e r e n t i a l s  

f o r  t h e  c r u d e s .  However,  t h e  m a r k e t  i s  u n l i k e l y  t o  be s o  

p e r f e c t ,  b u t  is i n s t e a d  segmented  t o  a c e r t a i n  e x t e n t  so  t h a t  a 

p a r t i c u l a r  c r u d e  p r i c e  may n o t  b e  f u l l y  r e f l e c t e d  i n  a g i v e n  

product p r i c e  i n  a p a r t i c u l a r  market. A t  t h e  same time t h e  need 

t o  a n a l y s e  a l o n g  r u n  of d a t a  makes it d i f f i c u l t  t o  u se  North Sea 

c rudes  s i n c e  l i t t l e  t r a d i n g  i n  t h e s e  c rudes  was done i n  t h e  e a r l y  

p a r t  of t h e  p e r i o d .  The main c r u d e  i n  t h e  l a t e  1970s was 

p r o b a b l y  A r a b i a n  L i g h t  and t h e r e  a r e  l e n g t h y  m o n t h l y  s e r i e s  

a v a i l a b l e .  However, t h i s  c r u d e  was p u r c h a s e d  a t  two d i s t i n c t  

p r i c e s  - t h e  o f f i c i a l  p r i c e  and t h e  s p o t  market p r i c e  - and t h e s e  
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o f t e n  d iverged  cons iderably .  Moreover, t h e r e  is evidence  t h a t  

b o t h  p r i c e s  may h a v e ,  a t  c e r t a i n  times, i n f l u e n c e d  t h e  p r o d u c t  

p r i c e s .  When c r u d e  was  i n  s h o r t  s u p p l y  - i.e. t h e r e  was some 

r a t i o n i n g ,  t h e n  t h e  s p o t  p r i c e  was a b o v e  t h e  o f f i c i a l  p r i c e ,  

w h i l e  i n  terms of p l e n t i f u l  supply  t h e  o f f i c i a l  p r i c e  was higher .  

It is  a l s o  t h e  c a s e  t h a t  d u r i n g  t h e  f i r s t  s i x  months  o f  1979 

t h e r e  is cons ide rab le  disagreement between sources  of d a t a  o r  t h e  

v a l u e s  o f  t h e  m o n t h l y  a v e r a g e s ' .  N e v e r t h e l e s s  d e s p i t e  t h e s e  

c o m p l i c a t i o n s  i t  is s t i l l  l i k e l y  t h a t  c h a n g e s  i n  s p o t  c r u d e  

p r i c e s  would be r e f l e c t e d  by changes i n  product p r i c e s  (even i f  

imper fec t ly )  and t h a t ,  i f  t h e r e  are r e g u l a r  l a g s  i n  t h e  process  

t h e s e  w i l l  a l s o  show up. 

A c c o r d i n g l y ,  f o r  t h e  i n i t i a l  t e s t s  we u s e  t h e  m o n t h l y  

average  s p o t  p r i c e  of Arabian L igh t  which is  a v a i l a b l e  from t h e  

b e g i n n i n g  o f  1977 from I n t e r n a t i o n a l  Crude QLL 2nd P r o d u c t  

Prices. The d a t a  is shown i n  F igure  3. 

( i v )  - The Exchange Rate 

Da ta  on t h e  m o n t h l y  a v e r a g e  d o l l a d s t e r l i n g  r a t e  

a r e  t a k e n  from I n t e r n a t i o n a l  Monetarv  S t a t i s t i c s  and a r e  a l s o  

a v a i l a b l e  from t h e  beginning of  1977. The d a t a  on t h e  exchange 

r a t e  a r e  shown i n  F igure  4. 

( V I  The Tax Rate 

P e t r o l e u m  Times i n c l u d e s  i n  i ts  m o n t h l y  r e p o r t s  

b o t h  t h e  excise d u t y  and t h e  r a t e  o f  V A T  c h a r g e d  on g a s o l i n e .  

These  g i v e  t h e  t o t a l  amount o f  t a x  p a y a b l e  so  t h a t  a n e t  of t a x  

f i g u r e  c a n  b e  c a l c u l a t e d .  T h i s  is  t h e n  r e l a t e d  t o  t h e  g r o s s  o f  

t a x  p r i c e  t o  g i v e  a g r o s s  t o  n e t  t a x  m a r k - u p  v a r i a b l e .  

For a fuller discussion of these matters see Bacon C11. 
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E f f e c t i v e l y  t h e  assumption is t h a t  t h i s  r a t i o  w i l l  be unaf fec ted  

by t h e  degree of passing-on of t a x e s  p r a c t i s e d  by t h e  companies. 

The series is p l o t t e d  i n  F igure  5.  
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3. THE STATISTICAL, RELATIONSHIPS BETWEEN CRUDE O I L ,  
REFINED PRODUCT AND RETAIL GASOLINE PRICES 

(a) C r u d e  And P r o d u c t  P r i c e s  The f i r s t  a s p e c t  of  t h e  a c t u a l  

d a t a  t h a t  we need  t o  f o c u s  on a r e  t h e  b road  e p i s o d e s  of p r i c e  

rises and decreases .  

S t a r t i n g  wi th  t h e  crude p r i c e  (F igure  1)  we see t h a t  t h e r e  was 

a very sha rp  rise from t h e  end o f  1978 which cont inued u n t i l  t h e  

end of 1979. Prices then  f e l l  back u n t i l  August 1980, fo l lowed  

by a s h o r t  r i s e  u n t i l  November 1980. T h e r e  was t h e n  a d e c l i n e  

u n t i l  August 1981 with some s h o r t  c y c l i c a l  movements u n t i l  t h e  

b e g i n n i n g  o f  1983. T h e r e a f t e r  ( u n t i l  t h e  end  o f  o u r  p e r i o d  i n  

November 1985) t h e r e  was a very s l i g h t  d e c l i n e .  The key f e a t u r e s  

a r e  t h e  r i s e  i n  p r i c e s  i n  1 9 7 9  a n d  t h e  two e p i s o d e s  o f  

s u b s t a n t i a l  d e c l i n e  i n  1980 and 1981. A l l  of t hese  l a s t e d  l o n g  

enough and were l a r g e  enough t o  f e e d  t h r o u g h  t o  p r o d u c t  p r i c e s  

and t o  r e t a i l  p r ices .  The minor cycles i n  1982 may a l s o  h e l p  t o  

i d e n t i f y  t iming .  

The second  se r ies  is t h e  p r o d u c t  p r i c e  a t  t h e  r e f i n e r y  

expressed i n  d o l l a r s  (F igure  2). Th i s  series s t a r t e d  t o  rise i n  

Autumn o f  1978 and r e a c h e d  a peak  i n  J u n e  1979 - a f t e r  a s l i g h t  

f a l l  i t  t h e n  rose f u r t h e r  t o  a new peak  i n  December 1979. T h i s  

was fo l lowed  by a f a l l  i n  1980 wi th  a low i n  August. After t h a t  

t h e r e  was some s h o r t  c y c l i c a l  movement u n t i l  t h e  Autumn of 1982. 

The p r i c e  t h e n  f e l l  i n t o  t h e  S p r i n g  o f  1983 and was f a i r l y  
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c o n s t a n t  t h e r e a f t e r .  It is c l e a r  t h a t  t h e  broad movements i n  t h e  

series match and so we can t u r n  t o  t h e  formal  r eg res s ion  models. 

The f i r s t  model we used  was one  w i t h  a v e r y  l o n g  l a g  

s t r u c t u r e .  The l a g  o f  t h e  product  price was regressed  on its own 

l a g g e d  v a l u e s  back  t o  f o u r  p e r i o d s ,  on a c o n s t a n t  and on f i v e  

l a g g e d  v a l u e s  o f  crude price ( w i t h o u t  impos ing  t h e  l o n g  run  

r e s t r i c t i o n ) .  The r e s u l t s  i n d i c a t e d  no  s u p p o r t  f o r  t h e  l o n g e r  

l a g s  and s o  t h e  s t r u c t u r e  was p r o g r e s s i v e l y  s i m p l i f i e d  by 

r e d u c i n g  l a g  l e n g t h s  o n e  s t e p  a t  a time. I n  a l l  t h e s e  

r e g r e s s i o n s  it was found t h a t  two l a g s  on t h e  product  price, t h e  

cons tan t ,  t h e  c u r r e n t  crude p r i c e  and a s i n g l e  lagged  crude p r i c e  

were s i g n i f i c a n t ,  b u t  t h a t  n o t h i n g  e l s e  was. The model  was re- 

estimated f irst  i n c l u d i n g  e l e v e n  monthly seasona l  dunmy v a r i a b l e s  

but  none of these were s i g n i f i c a n t .  F i n a l l y ,  t h e  s i n g l e  l o n g  run 

r e s t r i c t i o n  was imposed ( t h e  sun of t h e  c o e f f i c i e n t  on dependent 

and i n d e p e n d e n t  v a r i a b l e s  a r e  e q u a l ) .  The r e s u l t s  of t h e  

u n r e s t r i c t e d  and restricted equa t ions  a r e  shown i n  Tab le  1. 



TABLE 1: RELATION BETWEEN CRUDE AND PRODUCT PRICES (LAGS) 

RSQ 
S.E.E. 
DW S 
F*(4,87) 

0.980 
0.040 
1.869 
1 .I3 

0.042 
1.794 
1.45 

The r e s t r i c t e d  e q u a t i o n  i s  d e r i v e d  f r o m  a d i f f e r e n t  

e s t i m a t i n g  form so  t h a t  t h e  s t a n d a r d  e r r o r s  a r e  n o t  r e a d i l y  

a v a i l a b l e .  The es t imated  equat ion  is 

+ 0.757 ( C  - P-2) - 0.694(C-1 - P-2) 
(11.311 (10.86) 

(23) 

The r e s t r i c t e d  equat ion  is f a i r l y  close t o  t h e  u n r e s t r i c t e d  

equat ion  except  f o r  t h e  cons t an t  (even a l l o w i n g  for  t h e  f a c t  t h a t  

t h e  e s t i m a t e d  c o n s t a n t  i n c l u d e s  t h e  sum of t h e  l a g g e d  

c o e f f i c i e n t s  which are d i f f e r e n t  i n  t h e  two cases) .  However, t h e  

test for t h e  s i n g l e  l i n e a r  r e s t r i c t i o n  i n v o l v e d  y i e l d s  an F v a l u e  

of  around 11 w h i l e  t h e  c r i t i c a l  v a l u e  a t  5% of F (1,100) is 3.94. 

The d a t a  d o e s  n o t  a g r e e  w i t h  t h e  r e s t r i c t i o n ,  b u t  g i v e n  t h e  

s i m p l i c i t y  o f  t h e  model ,  t h e  q u e s t i o n a b i l i t y  of t h e  d a t a  

( p a r t i c u l a r l y  dur ing  t h e  c r u c i a l  1979 p r i c e  rise) and t h e  gene ra l  



congruence  of t h e  r e su l t s  t h e r e  i s  no  r e a s o n  t o  p r e f e r  t h e  

u n r e s t r i c t e d  model which would imply a l o n g  run equat ion  of t h e  

form: 

P = 33.3 CO0647 (24)  

whi le  t h e  long  run r e s t r i c t e d  equat ion  is  of  t h e  form: 

P = 10.8C (25)  

Once we have  agreed t o  accep t  a s  a b e s t  f i rs t  approximation t h e  

r e s t r i c t e d  equat ion  we can t u r n  t o  its dynamic p rope r t i e s .  The 

equat ion  i n v o l v e s  two l a g s  i n  t h e  dependent v a r i a b l e  so  t h e r e  is  

need t o  check  w h e t h e r  t h e  a d j u s t m e n t  p r o c e s s  i s  e s t i m a t e d  a s  

being dynamical ly  s t a b l e .  

( 1  - 1.137L + 0.200 L2) a r e  + 1.613 and + 4.070 s o  t h a t  t h e  

The r o o t s  of  t h e  dynamic polyncmial  

p r o c e s s  i s  s t a b l e  ( b o t h  r o o t s  b e i n g  l a r g e r  t h a n  u n i t y )  and 

c o n v e r g e n c e  i s  n o n - c y c l i c a l  ( b o t h  r o o t s  b e i n g  r e a l ) .  Us ing  

equat ion (18) and t h e  v a l u e s  from Tab le  I t h e  mean l a g  of product 

p r i c e s  beh ind  c r u d e  p r i c e s  i s  e s t i m a t e d  a s  0.67 months. By 

equat ing  c o e f f i c i e n t s  of powers of L i n  t h e  equat ion:  

w(L)b(L)  = d(L) (26) 

we f i n d  t h e  f i r s t  t h r e e  va lues  of b ( i )  t o  be: 

b(0)  = 0.758 

b (1 )  = 0.167 

b(2)  = 0.010 

C l e a r l y  t h e r e  is very  rap id  adjustment  i n  t h e  c u r r e n t  month and 

t h e  s u b s e q u e n t  month b u t  t h e n  t h e  res t  of t h e  p r o c e s s  is  f i t t e d  

a s  i f  it s t r e t c h e d  o u t  a v e r y  l o n g  time. Armed w i t h  t h i s  

i n t e r p r e t a t i o n  we can l o o k  back a t  t h e  key episodes.  

( a )  

t h e  peak product p r i c e  i n  December; 

I n  1979 t h e  peak  c r u d e  p r i c e  was i n  November and 
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( b )  

t rough product p r i c e  was a l s o  i n  August; 

( c )  

peak product p r i c e  was a l s o  November; 

( d )  I n  1981 t h e  t r o u g h  c r u d e  p r i c e  was i n  J u n e  b u t  t h e  

t r o u g h  p r o d u c t  p r i c e  was i n  May ( s u g g e s t i n g  a demand s i d e  

shock) ; 

I n  1980 t h e  t r o u g h  c r u d e  p r i ce  was i n  August  and t h e  

I n  1980 t h e  peak  c r u d e  p r i c e  was i n  November and t h e  

(e) 

a t rough i n  product  prices a l s o  i n  March; 

( f )  

was a l s o  a peak product  p r i c e  i n  October. 

A l l  these ep i sodes  confirm t h a t ,  both on t h e  upswing and t h e  

downswing, product prices r eac t ed  very  q u i c k l y  t o  crude  p r i c e s  - 
with  v i r t u a l l y  a l l  t h e  adjustment  of a s h o r t  run n a t u r e  coming 

w i t h i n  one period. There were l o n g e r  run ad jus tments  t o  r e s t o r e  

t h e  mark-up spread o v e r  a l o n g e r  per iod which s t r e t c h e d  out  t h e  

mean a d j u s t m e n t  t o  a round  a month. We c a n  i n t e r p r e t  t h i s  a s  

sugges t ing  t h a t  f a c i n g  l a r g e  shocks the  market took a l o n g e r  time 

t o  g r a d u a l l y  r e s t o r e  t h e  m a r g i n  ( o r  t h a t  i n d e e d  t h e  marg in  was 

s l o w l y  changing and t h a t  t h i s  l o o k s  l i k e  a slow and very  s l i g h t  

l o n g  run dynamic adjustment)  bu t  t h a t  t h e  d i rec t  r e a c t i o n  t o  b ig  

c h a n g e s  was f e l t  m a i n l y  w i t h i n  t h e  c u r r e n t  month and t h e  

s u b s e q u e n t  month. The p r e s e n t  l a r g e  f a l l  i n  crude p r i c e s  may 

p roduce  t h e  same e f f ec t  - a s l o w  d r i f t  i n  t h e  marg in  b u t  v e r y  

r a p i d  a d j u s t m e n t  i n  t h e  immedia t e  per iod  f o l l o w i n g  t h e  shock. 

C l e a r l y  more s o p h i s t i c a t e d  models c o u l d  be  d e v e l o p e d  t o  

e x p l i c i t l y  i n v e s t i g a t e  t he  non-constancy of t h e  margin. 

I n  1982 there was a t rough i n  crude p r i c e s  i n  March and 

I n  1982 t h e  peak  c r u d e  p r i c e  was i n  O c t o b e r  and t h e r e  



(b) Gross Retail Prices A s  be fo re  we begin wi th  a ske tch  of  t h e  

m a j o r  s h i f t s  i n  t h e  t h r e e  c o s t  components  o f  t h e  gross  (i.e. 

i n c l u d i n g  t a x )  r e t a i l  p r i c e  of g a s o l i n e .  We b e g i n  w i t h  t h e  

p r o d u c t  p r ice  measured  i n  d o l l a r s .  A s  we h a v e  a l r e a d y  p o i n t e d  

ou t  i n  t h e  s e c t i o n  l i n k i n g  crude o i l  p r i c e s  t o  product p r i c e s  t h e  

dominate f e a t u r e s  a r e :  

(i) t h e  r ise t o  a peak  i n  J u n e  1979,  w i t h  a h i g h e r  peak  

December 1979; 

i n  

(ii) a f a l l  t o  a l o w  i n  August 1980 fo l lowed  by c y c l i c a l  type  

movement u n t i l  Autumn 1982; 

a f a l l  from Autumn 1982 t o  S p r i n g  1983 f o l l o w e d  by n e a r  

constancy. 

(iii) 

The exchange r a t e  ($/E) h a s  a very d i f f e r e n t  course:  

The re  was a peak  v e r y  e a r l y  i n  o u r  d a t a  ser ies  a t  t h e  

beginning of  1978; 

A f a l l  t o  May 1978 was f o l l o w e d  q u i c k l y  by a new peak  i n  

October 1 978 ; 

The se r ies  was  s t e a d y  u n t i l  May 1979 b u t  t h e n  c l i m b e d  

s t e a d i l y  t o  a new peak i n  October 1980; 

The rate then f e l l  s t e a d i l y  o v e r  a l ong  per iod u n t i l  a low 

was r e a c h e d  i n  F e b r u a r y  1985 s i n c e  when t h e r e  h a s  been  

sane recovery.  

The f e a t u r e  of t h i s  ser ies  is  t h a t  t h e  movement up ( f rom 

$1.74 a t  t h e  b e g i n n i n g  of t h e  p e r i o d )  t o  t h e  peak  of $2.44 i n  

O c t o b e r  1980 and t h e  s u b s e q u e n t  f a l l  t o  $1.09 i n  F e b r u a r y  1985  

are of t h e  same magnitudes a s  t h e  changes i n  product  pr ices .  A t  

t h e  same time t h e s e  two ser ies  do  n o t  peak  a t  t h e  same time s o  

t h a t  they impart  q u i t e  d i s t i n c t  shocks t o  r e t a i l  g a s o l i n e  pr ices .  
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A u s e f u l  way of combining t h e s e  two series is t o  o b t a i n  t h e  

c u r r e n t  s t e r l i n g  p r i c e  o f  p r o d u c t s  ( F i g u r e  6).  T h i s  c a n n o t  b e  

used  i n  e s t i m a t i o n  d i r e c t l y  a s  i t  i m p l i e s  e q u a l  s p e e d s  o f  

a d j u s t m e n t  t o  p r o d u c t  p r i c e  and exchange  r a t e  changes .  T h i s  

se r ies  c l i m b s  t o  a peak  i n  J u n e  1979,  f a l l s  b a c k  a l i t t l e  and 

t h e n  r e a c h e s  a new peak  i n  J u l y  1981. T h e r e a f t e r  b e h a v i o u r  i s  

very c y c l i c a l  w i t h  p l e n t y  of s h i f t s  up and down (of perhaps 10% 

i n  two or t h r e e  months) u n t i l  t h e  end o f  t h e  period. 

The tax v a r i a b l e  is very  s teady  u n t i l  October 1978 (a  mark 

up of  a b o u t  100%) b u t  t h e n  r a p i d l y  f a l l s  t o  J u n e  1979 ( t o  63%) 

b e c a u s e  of t h e  l a c k  of i n d e x a t i o n  o f  d u t i e s .  The r a t e  was 

r a p i d l y  increased  u n t i l  it reached a peak i n  May 1981 (120% mark 

up) and s i n c e  t h e n  h a s  been  c y c l i c a l .  The b i g g e s t  jumps h a v e  

n a t u r a l l y  t e n d e d  t o  come a t  b u d g e t  time or b e c a u s e  of p a s s i v e  

r e a c t i o n  t o  exogenous  s h o c k s  ( t a x  '% f a l l s  w i t h  p r i c e  rises and 

rises wi th  p r i c e  f a l l s ) .  

The f i r s t  model t h a t  we i n v e s t i g a t e  is an u n r e s t r i c t e d  model 

of t h e  g r o s s  of  t a x  r e t a i l  pr ice .  The g r o s s  p r i c e  is r e l a t e d  t o  

i t s  own l a g g e d  v a l u e s  ( u p  t o  t h r e e  l a g s )  and t o  t h e  c u r r e n t  and 

l a g g e d  v a l u e s  ( u p  t o  t h r e e  l a g s )  of t h e  t a x  v a r i a b l e ,  p r o d u c t  

p r i c e s  and t h e  exchange  r a t e .  Most o f  t h e  l o n g e r  l a g s  a r e  

i n s i g n i f i c a n t  s o  we b e g i n  by d e l e t i n g  v a r i a b l e s  o n e  a t  a time. 

A t  no  p o i n t  a r e  l a g s  g r e a t e r  t h a n  one s i g n i f i c a n t ,  b u t  t h e  

c u r r e n t  d o l l a r  is  never  s i g n i f i c a n t  i f  combined wi th  a lagged  

d o l l a r  v a r i a b l e .  I n  f a c t  t h e r e  is very l i t t l e  t o  choose between 

models which l a g  t h e  d o l l a r  o r  l e a v e  it unlagged and t h e  same is 

true f o r  t h e  product pr ice .  The lagged  g r o s s  t a x  p r i c e  is always 
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h igh ly  s i g n i f i c a n t  i n d i c a t i n g  t h a t  t h e r e  c e r t a i n l y  is a dynamic 

response t o  change i n  c o s t  condi t ions .  I n  a l l  o f  t h e s e  equa t ions  

t h e  t ax  v a r i a b l e  is  i n s i g n i f i c a n t  which sugges t s  a t  f irst  s i g h t  

t h a t  v a r i a t i o n s  i n  t h e  t a x  v a r i a b l e  o v e r  t h e  per iod have  n o t  been 

r e f l e c t e d  i n  v a r i a t i o n s  i n  g r o s s  pr ices .  However, t h i s  may well 

be due t o  t h e  mis - spec i f i ca t ion  of t h e  v a r i a b l e  - i n  effect  there 

is s i m u l t a n e i t y  because changes i n  p r i c e s  (caused say by changes 

i n  product p r i c e s )  are caus ing  the  tax paid,  a s  a percentage,  t o  

change  ( b e c a u s e  of t h e  t e m p o r a r i l y  f i x e d  amounts  of excise  

taxes) .  This  c l e a r l y  c a l l s  for  b e t t e r  mode l l ing  of t a x e s  before  

we a r e  w i l l i n g  t o  conclude t h a t  t a x e s  were n o t  passed on a t  a l l  

dur ing  t h e  period. 

F i n a l l y  we added e l e v e n  dummy v a r i a b l e s  and these were 

v i r t u a l l y  a l l  s i g n i f i c a n t  and n e g a t i v e  ( r e l a t i v e  t o  December) 

which s u g g e s t s  t h a t  t h e r e  i s  a c l e a r  s e a s o n a l  jump i n  g r o s s  

p r i c e s  i n  December. 

The t a x  v a r i a b l e  p r e s e n t s  a r e a l  a n a l y t i c a l  d i f f i c u l t y  

because it is both a d d i t i v e  and m u l t i p l i c a t i v e  so t h a t  n e i t h e r  a 

l i n e a r  nor a l o g - l i n e a r  model can encapsu la t e  it. The tax v a l u e s  

are shown i n  Tab le  2: 
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PERIOD EXCISE TAX PERIOD VAT ( I )  
(P/LITRE) 

August 1977-June 1979 
June 1979-March 1980 
March 1980-March 1981 
March 1981 -March 1982 
March 1982-March 1983 
March 1983-March 1984 
March 1984-March 1985 
May 1985-March 1986 

6.59 A p r i l  1976-June 1979 12.5 
8.10 June 1979 - 15.0 

10 .oo 
13.82 
15.54 
16.30 
17.16 
17.94 

The changes within the period a r e  a l l  excise duty changes, 

w i th  t h e  s i n g l e  e x c e p t i o n  of V A T  s h i f t  i n  1979. T h i s  makes a 

s i m p l e  t es t  of p a s s i n g  on p o s s i b l e .  I f  we e s t a b l i s h  a b a s i c  

model fo r  the determinants of net of tax pr ices  then t h i s  w i l l  be 

only  marginally affected by any l a c k  of f u l l  passing on of taxes  

(i.e. p r i c e s  may be l e s s  than  expec ted) .  However, t h e  dominant 

changes w i l l  be i n  o ther  costs so  t h a t  the  b i a s  i n  es t imat ion may 

not be very large.  

This would then a l lcw an est imate  of t he  past  budget pr ice  

p r e  t a x  charge  t o  be c a l c u l a t e d  which can be compared w i t h  t h e  

ac tua l  pr ice  charged. Such a procedure may be a b l e  t o  ind ica t e  

i n  broad terms t h e  extent t o  which t ax  changes have been absorbed 

or passed on. 

We begin with the  unres t r ic ted  model using l a g s  of up t o  two 

p e r i o d s  (remembering t h a t  t h e  g r o s s  p r i c e  e q u a t i o n  showed no 

s ign i f i can t  l a g s  of length  two or th ree  periods). This showed no 

s i g n i f i c a n t  e f f e c t s  f o r  any of t h e  l a g s  of l e n g t h  2 s o  t h a t  i n  

t u rn  each was de l e t ed  from t h e  equation. 
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T h i s  produced  a n  e q u a t i o n  where  t h e  c u r r e n t  v a l u e s  of t h e  

product  p r i c e  and t h e  d o l l a r  were a l s o  i n s i g n i f i c a n t  ( a s  they had 

been  i n  t h e  l a r g e r  model )  w h i l e  t h e  s i n g l e  l a g g e d  v a l u e s  were 

s i g n i f i c a n t .  A c c o r d i n g l y ,  t h e s e  c u r r e n t  v a r i a b l e s  were a l s o  

d e l e t e d .  The r e s u l t i n g  e q u a t i o n  w i t h  s i n g l e  l a g s  on a l l  

v a r i a b l e s  and no c u r r e n t  effects produced a h i g h l y  s i g n i f i c a n t  

equat ion  wi th  a l l  v a r i a b l e s  s i g n i f i c a n t  and of t h e  expected sign. 

The December dummy v a r i a b l e  was n o t  s i g n i f i c a n t  when t r i e d  f o r  

t h i s  equat ion  so t h a t  it appears  t h a t  any s e a s o n a l i t y  p re sen t  i n  

t h e  g r o s s  r e t a i l  p r i c e  canes  from v a r i a t i o n s  i n  t h e  margin. The 

r e s u l t s  of t h e  u n r e s t r i c t e d  equa t ion  are shown i n  Tab le  3. 

TABLE 3: NET OF TAX RETAIL PRICES RELATED TO PRODUCT PRICES 
AND THE EXCHANGE RATE 

VARIABLE 

Const a n t  
R e t a i l  (-1) 
Product (-1) 
E. Rate (-1) 

-------_ 

RSQ 
S.E.E. 
D.W.S. 
F* (4,911 

UNRESTRICTED ------------ 
-0.172 ( 6.24) 
0.775 (27.21) 
0.078 ( 7.84) 

-0.077 ( 6.46) 

0 0991 
0.011 
1.89 
0.75 

- 
0.012 
1.78 
0.86 

Note: F* i s  t h e  v a l u e  o f  t h e  t e s t  s t a t i s t i c  f o r  t h e  h y p o t h e s i s  
t h a t  t h e r e  is no s e r i a l  c o r r e l a t i o n  of up t o  f o u r t h  o r d e r  i n  t h e  
r e s i d u a l  s. ................................................................. 

The r e s t r i c t e d  form of  t h e  equat ion  is: 

The r e s t r i c t e d  form is very  c l o s e  t o  t h e  u n r e s t r i c t e d  form 

wi th  t h e  except ion  of t h e  lagged  r e t a i l  pr ice .  

The F t e s t  f o r  t h e  r e s t r i c t i o n  i s  9.2 which i s  c l e a r l y  
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s i g n i f i c a n t .  The d a t a  does n o t  suppor t  t h e  r e s t r i c t e d  form, bu t  

a s  b e f o r e  we v i e w  t h e  g e n e r a l  ag reemen t  a s  good and t h e  

r e s t r i c t e d  l o n g  r u n  form a s  p r e f e r a b l e .  

run equat ion is: 

The u n r e s t r i c t e d  l o n g  

R = 0.465 P 0.347 E-0 .342 (28) 

whi le  t h e  long  run restricted equat ion  is: 

R = 0.097 (P/E) (29) 

I n  t h e s e  models  t h e  cons t an t  cannot  be d i r e c t l y  i n t e r p r e t e d  

a s  a mark up s i n c e  R is i n  pence  p e r  l i t r e  and (P/E) i n  5: p e r  

tonne. The c o e f f i c i e n t s  of  t h e  r e s t r i c t e d  equat ion  shows t h a t  it 

is  dynamical ly  stark. The adjustment  is however much slower than  

f o r  t h e  mark up from c r u d e  t o  p r o d u c t  p r i c e s .  It  i s  n o t i c e a b l e  

t h a t  e v e n  i n  t h e  u n r e s t r i c t e d  form t h e  s p e e d  o f  a d j u s t m e n t  t o  

exchange  r a t e  s h o c k s  and t o  p r o d u c t  p r i c e  c h a n g e s  i s  a l m o s t  

i d e n t i c a l .  If t h e r e  i s  a one u n i t  change  i n  p r o d u c t  p r i c e s  t h e  

c o e f f i c i e n t s  of r e s p o n s e  ( s o l v i n g  f o r  c o e f f i c i e n t s  a s  i n  t h e  

p rev ious  case)  a r e  very  spread out:  

bo = 0 

The mean a d j u s t m e n t  is 13.7 months. As f o r m u l a t e d  t h i s  

model  i m p l i e s  v e r y  s l o w  b u t  s t a b l e  a d j u s t m e n t  t o  c h a n g e s  i n  

exchange r a t e s  or product p r i c e s  (with no r e a c t i o n  a t  a l l  i n  t h e  

c u r r e n t  month). I n  t h e  l i g h t  of  t h e s e  r e s u l t s  we should  ques t ion  

t h e  pe r fo rmance  of t h e  e s t i m a t i n g  e q u a t i o n  c l o s e l y  i n  o r d e r  t o  

see whether t h e r e  is any ev idence  of s e r i o u s  mis-spec i f ica t ion .  

E r r o r s  such  a s  o m i t t i n g  v a r i a b l e s ,  mis -measur ing  v a r i a b l e s  o r  
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mis-specifying t h e  l a g  s t r u c t u r e  w i l l  tend t o  put  i n t o  t h e  e r r o r  

term an  economic component t h a t  is  v e r y  l i k e l y  t o  be s e r i a l l y  

co r  r e l a t ed .  

The u s e  o f  t h e  Por tman teau  s t a t i s t i c  i n  F form t o  t es t  f o r  

s e r i a l  c o r r e l a t i o n  of up t o  f o u r t h  o r d e r  a l l o w s  for  t h e  presence 

of t h e  l a g g e d  d e p e n d e n t  v a r i a b l e  and i s  n o t  b i a s e d  a g a i n s t  

f i n d i n g  s e r i a l  c o r r e l a t i o n  when i t  i s  p r e s e n t  ( a s  i s  t h e  c a s e  

wi th  t h e  Durbin-Watson test). Given the  l a r g e  nunber of degres s  

o f  f reedom ( 9 3 )  t h e  power o f  t h e  t e s t  i s  l i k e l y  t o  be good and 

t h e  r e s u l t  was t o  a c c e p t  t h e  N u l l  H y p o t h e s i s  o f  no  s e r i a l  

c o r r e l a t i o n .  None of t h e  es t imated  a u t o c o r r e l a t i o n  c o e f f i c i e n t s  

is g r e a t e r  than 0.1 so t h a t  t h e r e  is no ev idence  from t h i s  source  

o f  a sys temat ic  s p e c i f i c a t i o n  e r r o r .  Th i s  l o n g  l a g  is p a r t i a l l y  

conf i rmed  by t h e  u n r e s t r i c t e d  e q u a t i o n  which  shows a mean l a g  

l e n g t h  o f  4.5 months.  C l e a r l y  t h e  data  is showing us t h a t  for 

some reason or another changes i n  costs are not passed on rapidly 

i n t o  changes i n  r e t a i l  pr ices .  Impor tan t ly  the equat ion  appears  

t o  f i t  v e r y  w e l l  t h r o u g h o u t  t h e  p e r i o d .  The w o r s t  f i t  is i n  

February 1982 when the  r e s i d u a l  is  o v e r  t h r e e  times t h e  s tandard  

e r r o r ,  but  a s i n g l e  r e s i d u a l  of t h i s  s i z e  i n  a d a t a  set of around 

one hundred o b s e r v a t i o n s  is n o t  excep t iona l .  

To sunmarise t h e  p o s i t i o n  we can say t h a t  v a r i a t i o n s  i n  net- 

o f  - t a x  p r i c e s  a r e  a l m o s t  e n t i r e l y  e x p l a i n e d  by c h a n g e s  i n  

p r o d u c t  p r i c e s  ( r e f i n e r y  g a t e ) ,  and i n  t h e  exchange  r a t e ,  b u t  

t h a t  t h e  a d j u s t m e n t  t o  these c h a n g e s  h a s  been  s l o w  b o t h  when 

f a c i n g  cost i n c r e a s e s  and cost decreases. Th i s  impl ies  t h a t  a t  

any moment i n  time t h e  a c t u a l  m a r g i n  e a r n e d  ( a s  opposed  t o  t h e  

l o n g  run  v a l u e  o f  t h e  marg in )  h a s  f l u c t u a t e d  - b e i n g  s q u e e z e d  
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when c o s t s  increased  and widened when c o s t s  decreased. 

We c a n  now c o n s i d e r  what  e v i d e n c e  i s  a v a i l a b l e  on t h e  

p a s s i n g  on  of t a x  changes .  I f  companies  f u l l y  a b s o r b e d  t a x  

c h a n g e s  we would  expect t o  see t h e  m a r g i n  on n e t - o f - t a x  p r ices  

drop  when t h e  t a x  r a t e  was increased.  Th i s  would imply  t h a t  t h e  

f i t t e d  equat ion  would have  over -predic ted  very n o t i c e a b l y  a t  t h e  

v a r i o u s  budget s h i f t s  (which were i n  March each year )  and on the  

change  i n  V A T  i n  J u n e  1979. The a c t u a l  r e s i d u a l s  a r e  shown 

(measured i n  u n i t s  o f  t h e  s t a n d a r d  error of es t imate  - t h e  

average  r e s i d u a l )  i n  Tab le  4: 

TABLE 4: STANDARDISED RESIDUALS IN TAX CHBNGE MONTHS 

T h e r e  i s  c l e a r l y  no  e v i d e n c e  o f  p e r s i s t e n t  or  s i g n i f i c a n t  

o v e r - p r e d i c t i o n  ( n e g a t i v e  v a l u e s ) .  A check f o r  A p r i l  i n  e a c h  

year ( t o  a l l o w  f o r  y e a r s  i n  w h i c h  t h e  budge t  was  l a t e  i n  March) 

a l s o  shows no  e v i d e n c e  o f  o v e r - p r e d i c t i o n .  T h i s  i n d i r e c t  tes t  

s u g g e s t s  t h a t  t a x  c h a n g e s  h a v e  been  f u l l y  p a s s e d  on and n o t  

absorbed i n t o  t he  n e t  of t a x  price. 
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4. CONCLUSION 

The paper h a s  looked a t  the  speed a t  which changes i n  c rude  

o i l  prices have  been passed on i n t o  r e f ined  g a s o l i n e  prices ( a t  

t h e  r e f i n e r y  g a t e )  and t h e  s p e e d  a t  which c h a n g e s  i n  these 

re f ined  prices and exchange rates have been passed on i n t o  net-  

of-tax r e t a i l  g a s o l i n e  prices for t h e  per iod 1977 t o  1985. 

A l though  the re  a re  c e r t a i n  problems w i t h  i d e n t i f y i n g  t h e  

i d e a l  s e t  of d a t a  for t h e  a n a l y s i s  i t  was f e l t  t h a t  t h e  monthly 

d a t a  o u t l i n e d  i n  S e c t i o n  2 o f  t h e  p a p e r  s h o u l d  be a d e q u a t e  t o  

i d e n t i f y  any b road  t r e n d s  and e m p i r i c a l  r e g u l a r i t i e s  i n  t h e  

re1 a t ionsh ips .  

The f i r s t  step i n  t h e  cha in  is t h e  l i n k  from crude prices t o  

product prices ( r e f i n e r y  ga te ) ,  both expressed i n  d o l l a r  terms. 

Here we found t h a t  t h e  l a g  was ex t remely  s h o r t  ( w i t h  a mean v a l u e  

of j u s t  o v e r  h a l f  a month) so t h a t  v i r t u a l l y  a l l  t h e  c o s t  change 

had been passed on w i t h i n  the  c u r r e n t  month and subsequent  month 

(with the  bu lk  of t h i s  f a l l i n g  i n  the  c u r r e n t  month). Although 

t h e  d a t a  d i d  n o t  s u p p o r t  a c o n s t a n t  marg in  model  t h e  d e v i a t i o n  

between t h e  r e s t r i c t ed  ( c o n s t a n t  l o n g - r u n  m a r g i n )  and t h e  

u n r e s t r i c t e d  ( v a r i a b l e  l o n g - r u n  marg in )  was sma l  1. Both 

equa t ions  f i t t e d  t h e  d a t a  very c l o s e l y  (which is important  g i v e n  

the  extreme v a r i a b i l i t y  of  t h e  series o v e r  t h e  period) and picked 

up the  major t u r n i n g  points .  There was no ev idence  of sys temat ic  
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mis-spec i f ica t ion  from t h e  s e r i a l  c o r r e l a t i o n  test. 

The p i c t u r e ,  when we turned  t o  t h e  l i n k  between net-of-tax 

r e t a i l  p r i c e s ,  p r o d u c t  p r i c e s  and t h e  exchange  r a t e ,  is v e r y  

d i f f e r e n t .  Here t h e  adjustment  is ve ry  much slower both t o  c o s t  

i n c r e a s e s  and decreases .  The speed of r e a c t i o n  t o  product p r i c e  

changes and t o  exchange r a t e  changes appears  to be t h e  same (even 

i n  an u n r e s t r i c t e d  model ) .  T h e r e  was no  e v i d e n c e  t h a t  l a g s  o f  

d i f f e r e n t  l e n g t h s  were i n v o l v e d  f o r  t h e s e  two v a r i a b l e s .  The 

equat ion  was a very c l o s e  f i t  t o  t h e  d a t a  and showed no ev idence  

of  mis-specif icat ion.  Even i n  t h e  u n r e s t r i c t e d  form t h e  mean l a g  

of net-of-tax re ta i l  p r i c e s  t o  cost changes was over fou r  months. 

F i n a l l y ,  we noted t h a t  t h i s  r e l a t i o n s h i p  supported t h e  view t h a t  

t a x  changes had g e n e r a l l y  been f u l l y  passed on. 

The i m p l i c a t i o n s  o f  t h i s  s t u d y  o f  t h e  p a s t  n i n e  years  f o r  

t h e  p re sen t  s i t u a t i o n  can be e a s i l y  seen. We would p r e d i c t  t h a t  

t h e  f a l l  i n  crude p r i c e s  would have  been l a r g e l y  seen i n  lower 

p r o d u c t  p r i c e s  ( r e f i n e r y  g a t e )  w i t h i n  a month o f  t h e  f a l l .  The 

Itknock ont1 effect on (net-of-tax) r e t a i l  p r i c e s  w i l l  then depend 

on t h e  a s s o c i a t e d  movement o f  t h e  $ / e  exchange  ra te .  The 

apprec ia t ion  of  t h e  $ a g a i n s t  t h e  d o l l a r  t h a t  has  occurred s i n c e  

t h e  s t a r t  of t h e  f a l l  i n  c r u d e  p r i c e s  w i l l  h a v e  added t o  t h e  

g e n e r a l  d e c l i n e  i n  costs. However, t h e  effects  of t h i s  change on 

n e t - o f - t a x  p r i c e s  w i l l  be v e r y  slow. The r e a s o n  fo r  t h e  l o n g  

l a g s  i n v o l v e d  c a n n o t  be  a s c r i b e d  s o l e l y  t o  t h e  i n v e n t o r y  

p o s i t i o n  coupled wi th  FIFO pricing.  The l a g  is a lmost  c e r t a i n l y  

l o n g e r  t h a n  t h e  r a t i o  of i n v e n t o r y  t o  s a l e s .  S i n c e  we h a v e  

argued t h a t  t h e  reasons  f o r  t h e  l a g s  w i l l  n o t  be a d d i t i v e ,  it is 

necessary t o  l o o k  e l sewhere  f o r  an explana t ion .  C l e a r l y ,  i f  t h e  
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m a j o r i t y  of compan ies  h a v e  v e r y  s l o w l y  a d j u s t i n g  e x p e c t a t i o n s  

then they would respond c a u t i o u s l y  t o  both cost i n c r e a s e s  o r  c o s t  

dec re a se  s. 

A q u i c k e r  r e s p o n s e  t o  c o s t  d e c r e a s e s  may be f o r c e d  by 

v igorous  competi t ion by o t h e r  r e t a i l e r s .  The w i l l i n g n e s s  of some 

c o m p a n i e s  t o  " t a k e  a c h a n c e "  o n  p r i c e  c u t t i n g  p l u s  t h e  

f l e x i b i l i t y  of  m o t o r i s t s  i n  shopping around f o r  t h e  b e s t  buy are 

t h e  key f a c t o r s  i n  p u t t i n g  downward p r e s s u r e  on p r i c e s .  It is  

he re  t h a t  we see a c e n t r a l  issue for a concent ra ted  indus t ry .  If 

c o s t s  r i se  no  one firm may be  a n x i o u s  t o  push up  i t s  p r i c e s  f o r  

f e a r  of l o s i n g  m a r k e t  s h a r e  i f  it h a s  m i s c a l c u l a t e d  (i.e. t h e  

c o s t  c h a n g e s  a r e  n o t  pe rmanen t ) ,  w h i l e  i f  c o s t s  f a l l  a c u t  i n  

p r i c e s  may ga in  market sha re  a t  l e a s t  t emporar i ly .  Th i s  argument 

a p p l i e s  t o  a l l  firms, and i f  t rue,  we would  e x p e c t  q u i c k e r  

r e a c t i o n  t o  cost f a l l s  than t o  c o s t  rises. The h i s t o r i c a l  d a t a  

used i n  t h i s  s tudy does no t  show an asymmetrical  response t o  c o s t  

i n c r e a s e s  and c o s t  d e c r e a s e s .  On t h e  f a c e  of it, t h i s  wou ld  

suggest  convent iona l  o l i g o p o l  i s t i c  behaviour  (i.e. sticky p r i c e s  

i n  a l l  s i t u a t i o n s ) .  B u t  t h e  d a t a  may n o t  be s u f f i c i e n t l y  v a r i e d  

t o  show t h i s  asymmetrical  effect. U n t i l  1986 t h e  cost f a l l s  have 

been very  much s m a l l e r  (and u s u a l l y  s h o r t e r  i n  du ra t ion )  than  t h e  

v e r y  l a r g e  r i s e  i n  c r u d e  o i l  p r i c e s  i n  1979. It may t u r n  o u t  

t h e r e f o r e  t h a t  t h e  downward adjustment  of r e t a i l  g a s o l i n e  p r i ces ,  

though f a i r l y  slow, i s  n e v e r t h e l e s s  more r a p i d  t h a n  wou ld  be  

suggested by t h e  ev idence  a v a i l a b l e  o v e r  t h e  l a s t  decade. 
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