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ABSTRACT 

T h i s  p a p e r  p r e s e n t s  a  model of  t h e  wor ld  i r o n  o r e  i n d u s t r y  t h a t  u s e s  game 
t h e o r y  p r i n c i p l e s  t o  d e t e r m i n e  i r o n  o r e  p r i c e s .  The b o u n d a r i e s  o f  t h e  r a n g e  
o f  p r i c e  n e g o t i a t i o n s  a r e  s p e c i f i e d  t h r o u g h  b i i ~ t e r a l  o l i g o p o l i s t i c  t h e a r y  e n d  
a r e  f u r t h e r  c o n s t r a i n e d  s o  t h a t  t h e  n e g o t i a t i n s  p a r t i e s  a r e  n o t  p u t  o u t  o f  
b u s i n e s s .  The v a l i d a t i o n  of  t h e  model ~ r r d i c a r e s  t h a t  i t  i s  s u i t a b l e  f o r  
p o l i c y  a n a l y s i s  a s  w e l l .  M u l t i p l i e r  a n a l y s i s  i s  u s e d  t o  t r a c e  t h e  c h a n n e l s  of  
t r a n s m i s s i o n  o f  exogenous  s h c c k s  i n  t h e  i r o n  o r e  m a r k e t s .  The s i m u l a t i o n s  
show t h a t  a n  i n c r e a s e  i n  B r a z i l i a n  i r o n  o r e  c a p a c i t y  w i l l  r e d u c e  i r o n  o r e  
p r i c e s  a n d  l e a d  t o  a  r e d i s t r i b u t i o n  o f  marke t  s h a r e s  among t h e  p r o d u c e r s .  
I n c r e a s e s  i n  EEC c r u d e  s t e e l  p r o d u c t i o n  a n d  exogenous  i n c r e a e e a  i n  s c r a p  
p r i c e s  o r  i n  t h e  i n f l a t i o n  i n d e x  w i l l  t e n d  t o  i n c r e a s e  i r o n  o r e  p r i c e s .  The 
s i m u l a t i o n s  a l s o  i n d i c a t e  t h a t  d e p r e c i a t i o n  of  t h e  U . S .  d o l l a r  r e l a t i v e  t o  
European  and  J a p a n e s e  c u r r e n c i s s  w i l l  h a v e  a  n e g a t i v e  e f f e c t  on i r o n  o r e  
p r i c e s  i n  t h e  f i r s t  e i g h t  y e a r s  and  a  p o s i t i v e  e f f e c t  i n  t h e  n e x t  too. But 
t h e  o v e r a l l  e f f e c t  of  t h e  U.S. d o l l a r  d e p r e c i a t i o n  i s  found t o  be v e r y  s m e l l  
o v e r  a  t e n - y e a r  p e r i o d .  
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I. I m o W C T I O N  - 
P r e v i o u s  e f f o r t s  t o  model :he i r o n  o r e  i n d u s t r y  were  n o t  independen t  

of e f f o r t s  t o  m d e l  t h e  s t e e l  i n d u s t r y .  A r ev iew of  t h e s e  e a r l i e r  i r o n  o r e  and 

s t e e l  s t u d i e s  shows t h a t  t h e y  focused  on e s t i m a t i n g  t h e  demand f o r  i r o n  o r e . l /  

I n  most c a s e s  i r o n  o r e  p r i c e s  were d e t e r m i n e d  exogenously .  I n  a d d i t i o n ,  

e f f e c t i v e  c a p a c i t y ,  p r o d u c t i o n ,  e x p o r t s ,  i m p o r t s  and a p p a r e n t  consumption of 

i r o n  o r e  by c o u n t r y  were  n o t  e x p l i c i t l y  s p e c i f i e d ;  t h e i r  i n t e r r e l a t i o n s h i p s  

were a l s o  n o t  modeled. Fur the rmore ,  s i m p l i f y i n g  g e n e r a l i z a t i o n s  r e g a r d i n g  t h e  

c o m p e t i t i v e n e s s  of t h e  i n d u a t r y  were u s u a l l y  made. 

C h a p t e r  11 d e s c r i b e s  some o f  t h e  unique c h a r a c t e r i s t i c s  o f  t h e  i r o n  

o r e  i n d u s t r y .  I t  was o u r  o b j e c t i v e  t o  b u i l d  a  model t h a t  r e f l e c t s  most of  

t h e s e  c h a r a c t e r i s t i c s ;  a amdel t h a t  s i m u l t a n e o u s l y  e s t i m a t e s  an4 s p e c i f i e s  

p r i c e s  a s  w e l l  a s  volumes and t h a t  answers  a  number of p e r t i n e n t  p o l i c y  

q u e s t i o n s  r e g a r d i n g  t h e  s t a t e  of t h e  i n d u s t r y  today. Examples i n c l u d e :  t h e  

impact  of i n c r e a s e s  i n  i r o n  o r e  c a p a c i t y  i n  B r a z i l  on p r i c e s ;  t h e  impact  of  

c h a n g e s  i n  t h e  US d o l l a r  exchange r a t e  v i s- a- vis  o t h e r  c u r r e n c i e s  on 

p r o d u c t i o n ,  consumption and p r i c e s  of  i r o n  o r e ;  t h e  impact of changes  i n  

p r i c e s  of u n i t  f a c t o r  c o s t s  on t h e  i r o n  o r e  p r o d u c t i o n  p r o c e s s  o r  t h e  impact  

of c h a n g e s  i n  p r i c e s  o f  s u b s t i t u t e s  t o  i r o n  o r e  ( such  a s  s c r a p )  on p r o d u c t i o n ,  

consumption and i r o n  o r e  p r i c e s  e t c .  

C h a p t e r  I11 p r e s e n t s  t h e  s t r u c t u r e  of t h e  model. The r e l a t i v e  

b a r g a i n i n g  pover  o f  n e g o t i a t i n g  p a r t i e s  i s  q u a n t i f i e d  and game t h e o r y  

p r i n c i p l e s  a r e  used t o  model t h e  d e t e r m i n a t i o n  of i r o n  o r e  p r i c e s .  C h a p t e r  I V  

11 For  a r e v i e w  of t h e s e  models s e e  H. Hashimoto, "A World I r o n  and S t e e l  - 
Economy Xodel: t h e  WISE ~ o d e l "  i n  World Bank c & d i t y  Models,  World Bank 
S t a f f  Comrrodity Working Paper  No. 6 ,  J u n e  1981,  Washington, D.C. 



analyzes the specification of most behavioral equations of the model. Chapter 

V discusses the validation of the model and shows hov well the dynamic 

simulation path replicates the historical data. In addition, multiplier 

analysis is used to answer policy questions and to d e t ~ i l  the impact on the 

iron ore industry of exogenous shocks. 



11.1 Background and D e f i n i t i o n s  

I r o n  ( F e )  i s  one o f  t h e  most abundant  and most w i d e l y  d i s t r i b u t e d  

e l e m e n t s  i n  t h e  world  and p robab ly  c m g t i t u t e s  upwards of 5% of t h e  e a r t h ' s  

w e i g h t .  I t  i s  e s t i m a t e d  t h a t  world r e s o u r c e s  o f  i r o n  o r e  exceed 800 b i l l i o n  

t o n s  o f  c r u d e  o r e ,  c o n t a i n i n g  more t h a n  250 b i l l i o n  t o n s  o f  i r o n .  The i r o n-  

b e a r i n g  m i n z r a l s  a r e  by f a r  mos t ly  i r o n  s i l i c a t e s .  R a r e l y  a r e  t h e r e  c o n s i d e r e d  

" i r o n  o r e "  because  "ore" i n f e r s  a n  i r o n- b e a r i n g  s u b s t a n c e  t h a t  i s  a n  econo- 

m i c a l l y  v i a b l e  m a t e r i a l .  The d e r i g n a t i o n  "ore"  i s  dependent  on many f a c t o r s  

such a s  l o c a t  i o n ,  knowledge of i t s  cornposit i o n  and e x t e n t ,  t e c h n o l o g y  and 

* .*' 

a c c e s s i b i l i t y .  The r r c j ~ r  forms of i r o n  vor l tdvide ,  a s  c l a s s i f i e d  by t h e i r  

chemica l  c o m p o s i t i o n ,  a r e  a s  fo l lows :  

( a )  M a g n e t i t e  (Fe304)  which i n  i t s  pure  form c o n t a i n s  72% i r o n ;  

( b )  Hemat i t e  (Fe203) which when p u r e  c o n t a i n s  a b o u t  70% i r o n  

( h e m a t i t e  i s  :\e most comnon o r e  of i r o n ) ;  

( c )  T a c o n i t e  c o n t a i n i n g  15-35% i r o n ;  

( d )  L imoni te ,  r e f e r r e d  t o  a s  brown h e m a t i t e ,  i s  a hydrous  f e r r i c  

o x i d e ;  

( e l  S i d e r i t e  (PeC03) c o n r a i n i n g  abou t  48% i r o n ;  

( f )  P y r i t e  (FeS*) c o n t a i n i n g  47% i r o n ;  and 

( g )  P y r r h o t i t e  which c o n t a i n s  60% i r o n ,  

I r o n  o r e  i s  t h e  s o u r c e  o f  pr imary i r o n  f o r  t h e  w o r l d ' s  s t e e l  indus-  

t r y .  I n  o r d e r  t o  produce m e t a l l i c  i r o n  f o r  s t e e l  making, i t  i c  n e c e s s a r y  t o  

mine s u i t a b l e  i r o n- b e a r i n g  minere .  - and t r e a t  them th rough  a s e r i e ~  of pro-  

c e s s e s .  The f i n a l  process is  some form of chemical  " reduc t ion"  d u r i n g  which a 

" r e d u c i ng  a g e n t u  combines w i t h  unwanted chemical  e l e m e n t s  i n  t h e  m i n e r a l  and 



r e l e a s e s  t h e  i r o n  a s  a  meta l .  More t h a n  90X of t h e  wor ld ' s  p r e sen t  new supply  

of meta l1  i c  i r o n  i s  produced each year  as p ig  i r o n ,  from i r o n  o r e s  t h a t  a r e  

smel ted  i n  b l a s t  f a rnace s .  Pig i r on  i s  de f i ned  as  r high- carbon i r o n  made by 

r e d u c t i o n  of  i r o n  o r e  i n  t he  b l a s t  fu rnace .  

i r c n  o r e  a s  n i n e d  i n  i t s  n a t u r a l  s t a t e  i s  c a l l e d  c rude  o r e .  Crude o r e  

may be r , ~ r c h a n t e b l e  without  p rocess ing  o r  u i c h  minimal p rocess ing  such a s  

c r u s h i n g  a n d  s c r een ing ,  in which ca se  i t  i s  c a l l e d  d i r ec t- sh ipp ing  o r e .  The 

f i n a l  o r e  product of a  ntining o p e r a t i o n ,  vbe the r  d i r ec t- sh ipp ing  o r e  o r  t h e  

product  of e x t e n s i v e  process ing ,  i s  c a l l e d  u sab l e  o r e  o r  marketable  o r e .  

Usable o r e  i nc ludes  lump o r e ,  f i n e s ,  c o n c e n t r a t e s  and agglomerateo.  Lump o r e  

c o n s i s t s  of p a r t i c l e s  one- quar te r  inch o r  l a r g e r .  F ines  a r e  p a r t i c l e s  l e s s  

than one- quar te r  inch  ;n diameter ;  s i n t e r  feed c o n s i s t s  most ly  of f i c e s  l a r g e r  

than  100 mesh, vh:!e f i n e s  sma l l e r  than  100 mesh may be c l a s s e d  a s  p e l l e t  

f e ed .  The product:; a f  j e n e f i c i a t i o n  p l a n t s  a r e  c a l l e d  concen t r a t e s  and a r e  

c l a s s i f i e d  a s  c o a r s e  ( p : u s  one- quarter  i nch )  o r  f i n e  (minus one- quarter  i n c h )  

a s  i n d i c a t e d  above. F ine  concen t r a t e s  o r  n a t u r a l  o r e s  a r e  agglomerated t o  

f a c i l i t a t e  transportation and smel t ing ;  t h e s e  products  a r e  c a l l e d  p e l l e t s ,  

s i n t e r ,  b r i q u e t s ,  e t c . ,  depending on t h e  agglomerat ing p ro r .  -s used. 11 

According t o  t h e  US Bureau of n i n e s '  s t a t i s t i c s ,  v o r i d  i r o n  o r e  

nominal c a p a c i t y  i s  e s t ima t ed  t o  be c l o s e  t o  639.6 m i l l i o n  m e t r i c  t ons  i n  i r o n  

c o n t e n t  i n  1984. 11 Of t h i s  c apac i t y  171  and 19% a r e  cons idered  t o  be i n  North 

America and South America, r e s p e c t i v e l y ,  32% and 8% a r e  cons idered  t o  be i n  

11  See Bureau of Nines,  U.S. Department of  t h e  I n t e r i o r ,  "1ron Ore," p r e p r i n t  - 
from B u l l e t i n  675,  1985 e d i t i o n ,  Washington, D.C. 

2 1  See Table  1. - 



T a b l e  1: WORLD IRON ORE CAPACITY - 1983 AND 1984 

EFFECTIVE CAPACITY /A  
- - - - - - - - - - - - - - - - - - - -m 

1983 1984  

--------- ( m i l l i o n  metr ic  t o n s  i r o n  content)--------- 

NORTH AMERICA 
CANADA 
UNITED STATES 

SOUTH A!! ER I CA 
BRAZ I L 
VENEZUELA 

EUROPE / B  
FRANCE 
SWEDEN 
USSR 

AFRICA 
LI BERIA 13.6 
SOUTH AFRICA, REP. OF 22.7 

ASIA 
INDIA 30.8 31.7 27.4 27.5 
CHINA & OTHER 45 .4 45 .4  4 2 . 3  /C 43 .1  /C 

WORLD TOTAL 641  - 4  639.6 544.5 543.1  

/A  EFFECTIVE CAE'ACITY I S  CALCULATED USIlIC PEAK PRODUCTION RATES. THE EFFEC- 
TIVE CAPACITY FICLJRES COULD BE INCBEASED SUBSTANTIALLY I F MARKET 
CONDITIONS WARRANTED. 

/B INCLUDES CPEs. 

/C CHINA ONLY. 

SOURCES: NOMINAL CAPACITY FIGURES: BUBeAU OF *TNi?S, US DEPARTMENT OF INTERIOR; 
EFFECTIVE CAPACITY FIGURES: LIXpbL3 c;V, INTERNATIONAL ECONOHICS 
DEPARTXWT. 



Europe ( i n c l \ i : r : t :  -Ye C P E s )  and A f r i c a ,  r e s p e c t i v e l y ,  and 12% and 13% a r e  

c o n s i d e r e d  t o  be - A  Asia  and Ocean ia ,  r e s p e c t i v e l y .  A t  p r e s e n t ,  t h e  USSR, 

B r a z i l  and A u s t r a l i a  a c c o u n t  f o r  53% of  world  nominal c a p a c i t y  o r  51% of wor ld  

e f f e c t i v e  c a p a c i t y .  The I n t e r n a t i o n a l  I r o n  Ore and S t e e l  r n s t i t u t e  (IISI) and 

t h e  World Bank i! p r o j e c t  t h a t  i n  t h e  next  15 y e a r s ,  world i r o n  o r e  c a p a c i t y  

will expand by aboat 37 m i l l i o n  t o n s  i n  Fe c o n t e n t .  B r a z i l ,  Ch ina ,  A ~ s t r a l i a ,  

Canada and I n d i a  a r e  e x p e c t e d  t o  i n c r e a s e  t h e i r  i r o n  o r e  c a p a c i t y  by a b o u t  53 

m i l l i o n  t o n s .  O t h e r  p roduc ing  c o u n t r i e s  i n  A f r i c a ,  Europe and North America 

a r e  e x p e c t e d ,  however,  t o  have t h e i r  c a p a c i t y  c u t  a s  t h e i r  h i g h- q u a l i t y ,  l o r  

c o s t  r e s e r v e s  a re  d e p l e t e d .  

11.2 p r o d u c t i o n  and Apparen t  C o n r u p t i o n  of I r o n  Ore 

N i n e t y- f i v e  p e r c e n t  of  a l l  i r o n  o r e  p r o d u c t i o n  is consumed by t h e  

w o r l d ' s  s t ee l- making  i n d u s t r y .  Annual wor ld  i r o n  o r e  p r o d u c t i o n  ( i n  a c t u a l  

weight!  u s u a l l y  exceeds  800 m i l l i o n  t o n s  of which abou t  90% is produced by 12 

c o u n t r i e s .  Uorld  i r o n  o r e  p r o d u c t i o n  i n  Fe c o n t e n t  was 515 m i l l i o n  t o n s  i n  

1985 ( s e e  T a b l e  2 ) .  The USSR, t h e  Uni ted  S t a t e s ,  France and Sweden were  t h e  

ma jo r  i r o n  o r e  p r o d u c e r s  i n  1960. The combined p r o d u c t i o n  o f  B r a z i l  and 

A u s t r a l i a  accoun ted  f o r  o n l y  2.52 of world  p r o d u c t i o n  i n  1960. Twenty- five  

y e a r s  l a t e r ,  B r a z i l  and A u s t r a l i a  accoun ted  f o r  c l o s e  t o  25% of world  

product ior . .  The Uni ted S t a t e s ,  P rance  and Sweden have,  however,  s e e n  t h e i r  

combined s h a r e  of world  p r o d u c t i o n  f a l l  Zrom 42.5% i n  1960 t o  9.9% i n  1985. 

D i f f e r e n c e s  i n  p r o d u c t i o n  c o s t  accoun ted  f o r  t h e s e  changes  i n  t h e  g e o g r a p h i c a l  

11 S e e  R e p o r t  814186, P r i c e  P r o s p e c t s  f o r  H a j o r  P r imary  Commodities,  The - 
World Bank, I n t e r n a t i o n a l  E c ~ n o m i c s  Depar tment ,  Oc tober  1986. 



---------------------------------------------------------------------------------------------------------------------------------------------- 
LEVEL (r PROWCTlON .................................. G?WW RATE SHARE OF TOTAL ............................... ------------------------- FEFiROUS CONTENT ----------------- 

COUNTRY 1960 1970 1980 1985 1960-85 /A 1960-69 /A 1970-79 /A 1960 1970 1980 1985 1960 1980 
---------*------------------------------------------------------------------------------------------------------------------------------------ 

-----------------------------------------------g---------------------------------- 

CANAOA 
UNl TED STATES 
F RANCE 
S E E N  
AUSTRAL l A 
L I E R I A  
MAURITANIA 
INDIA 
BRAZI L 
CHILE 
V E N Z N  LA 
PERU 
SOUTH AFRICA 
USSR 
W l N A  

WORLD 251.91 425.10 540.53 515.72 3.2 5.7 1.9 100.00 100.00 IOOe00 100.00 46-55 58-15 

/A ESTIMATED ON 1HE BASIS OF LEAST SQUARES T E N D  F ITT ING.  
/B 1961-1985. 
/C 1961-1969. 
/D I N  1961. 
/E I N  1978. 

SOUR(TS: UNCTAD, 1p85 Y f w  OF I-lTY STAT, JULY, 1986, G E E E V A ,  AN> WORLD BAH( ESTIMATES. 



l o c a t i o n  of  i r o n  o r e  mines  d u r i n g  t h e  1960-85 p e r i o d .  T a b l e  3 shows t h a t  i n  

1 3 8 1 ,  o p e r a t i n g  c o s t s  w e r e  s u b s t a n t i a l l y  l o w e r  i n  B r a z i l  and  A u s t r a l i a  t h a n ,  

f o r  e x a m p l e ,  i n  L i b e r i a  o r  t h e  U n i t e d  S t a t e s .  The World Bank e s t i m a t e s  t h a t  i n  

t e r m s  of  i n v e s t m e n t  c o s t s  p e r  a n n u a l  t o n  of  new c a p a c i t y  ( g r o s s  o r  a c t u a l  

w e i g h t )  e x p a n s i o n  p r o j e c t s  c a n  be  c o s t e d  a s  low a b  u ~ $ Z O / t o n ,  w h e r e a s  r e p l a c e -  

ment p r o j e c t s  have  c a p i t a l  c o s t s  o f  USS25-75/ton and g r e e n f i e l d  p r o j e c t s  

~ ~ $ 1 0 0 / t o n  and above .  T h e  l e v e l  of i n t e r e s t  r a t e s  c a n  t h u s  g r e a t l y  a f f e c t  t h e  

p r o f i t a b i l i t y  of  o p e r a t i o n s  i n  t h e  i r o n  o r e  i n d u s t r y .  

T o t a l  c o s t s  v a r y  s u b s t a n t i a l l y  among c o u n t r i e s .  B r a z i l  and  A u s t r a l i a  

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

more c o s t l y  t o  o p e r a t e  t h a n  p l a n t s  p r o d u c i n g  s i n t e r  f i n e r .  P e l l e t i z i n g  i e  a n  

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

p r o c e s s e d .  The amount o f  f u e l  u sed  h e n  t h e  o r e  i s  of  t h e  h e m a t i t e  t y p e  i s  28 

l i t e r s l t o n ;  when t h e  o r e  i s  o f  t h e  m a g n e t i t e  t y p e  i t  i r  15  l i t e r s / t o n .  T a b l e  4 

p r o v i d e s  d e t a i l s  on  r a i  1 and  o c e a n  f r e i g h t  t r a n s p o r t a t i o n  c o s t s .  T h e s e  c o s t s  

v a r y  e n o r m o u s l y  be tween mines  and  c o u n t r i e s .  I n  a n t i c i p a t i o n  o f  h i g h e r  i r o n  

o r e  demand and t h e  s e a r c h  f o r  new r e s o u r c e s  o f  h i g h- g r a d e  o r e ,  t h e  w o r l d ' s  o r e  

r e s o u r c e s  w e r e  augmented  c o n s i d e r a b l y  i n  t h e  1960-85 p e r i o d .  F u r t h e r m o r e ,  t h e  

d e v e l o p m e n t  of  improved bene f  i c i a t i n g  me thods  made numeroue l o r g r a d e  d e p o s i t s  

e c o n o m i c a l l y  v i a b l e  i n  s p i t e  o f  a n  abundance  o f  h i g h e r  q u a l i t y  o r e .  

C o n c u r r e n t l y  w i t h  t h e s e  d e v e l o p m e n t s  two o t h e r  i m p o r t a n t  d e v e l o p m e n t s  

p r o f o u n d l y  i n f l u e n c e d  a t e e l  p r o d u c t i o n  and demand f o r  i r o n  o r e .  

Fo remos t  was t h e  r a p i d  deve lopmen t  o f  c o m p u t e r i z e d  c o n t i n u o u s  c a s t i n g  

t e c h n i q u e s  a n d  e l e c t r i c  a r c  f u r n a c e s  ( t h a t  may u s e  100% s c r e p ) ;  t h e s e  

t e c h n i q u e s  i n c r e a s e  t h e  o u t p u t  o f  f i n i s h e d  s tee l  f r o m  a  s p e c i f i c  amount of  r aw  

s tee l .  The  n e t  e f f e c t  i s  t h a t  less i r o n  o r e  i s  now r e q u i r e d  f o r  t h e  p r o d u c t i o n  



Table 3: SIHrER F l a S  PRtDJCT ION COSTS FOR SELECTED 
W L D  IR3H WE S W A E  MINES lvJD OEPOSITS /A 

_______________-------------------------------------------------------------------------------------------- 
---------- -RATING COSTS------------- 

No. @ A W A L  W ----------- 1984 US$/LT ORE------------- 

WTRY ~ R T I E S  CAPACITY  GUS WINE RAI L BEMEF ICI ATION 
(WT ) ( K T  

________________-----------------------------------------------------------------------~------------ .------ 

AFRICA 

PR000(rRS /B 7 2.2-24.6 63-65 1,lG-3.40 0.25-1 5.76 /C 0.60-2.30 
MMVtCWCERS 1'0 12 4 5 - 2 5  56-67 1 -80-3.20 0 .90-3 -00 

AUSTRAL l A 

PROOUCE RS 
HOrPROOUCE RS 

OTHER SOUTH M R l C A  
PROaKTRS n; 
ruMTmuxfiS /H 

UNITED STATES 
LAKE SG~RIUR HCUKEKS / I  9 8.261.7 63-66 2.00-4.50 0.25-4.80 3.25-5.00 
L A C  SUPERlORNONPRDOUCZRS /J 12 2.2-28.7 62-65 2.50-4.50 3.50-9.00 
O M R  NOWWaKERS /K 20 0.7-8.9 42-69 3.50-15.50 2.00-6.75 

NAp = NOT APPLICABLE, Y = WIT)+1ELD. LT = LONG TW (EQUAL 1,016 e T R I C  TON). 

PROOWERS INCLtJO€ W K H T L Y  PROOOCING MINES; MWRXWERS INCLUE PAST FWWXftS, E W L M D  W EVELOPING 
EPOS I TS. 
AFRICAN PROOO(=ERS INCLUE ALGERIA, LIBERIA, MALRITANIA, REPUBLIC Of SOUTH AFRICA AN0 SlEWU LEONE. 

SOUTH AFRICA. 
AFRICAN -RS INCLUT ALGERIA, -WON, GABON, LIBYA, IVORY COAST, LIBERIA, (XIIIEA AND MAURITANIA, 
EURDeEAN PROaKTRS IWME NORYAY, SPAIN AH) SU€DEN. 
=DEN . 
OTHER SOUTH M R l C A N  fWMXf6 INCLUE WILE,  PERU AM2 VENZUELA. 
O M R  SOUTH N E R I C M  -RS INClUOE E N E M L A .  
LAKE SWERIOR PFZOOOCEB IHCLUl€ MIHES I N  TI€ MSABI AH) W?@JETrE RANGES. 
LAKE SUPERIOR NO)(PFMOUCERS IWCLUOE MINES AM3 MPOSITS IN M WSABI, -TI€, AM) GOGEBIC RANGES. 

O n f R  MWRUNEFLS INCLWE CALIFOfNIA, MISSOURI, WONTANA, NEVADA, NEW JERSEY, NEW Y W ,  TEXAS, UTAH AH) 

YTOMING* 

W: THE US BUREAU O f  WIHES, 1987, I f 0 4  OfE AVAlUBlLlTY - W W T  ECONOLI'I CWdlRIES: 

A MINERALS AVAILABILITY APPRAISAL, BY J,L, BOLIS AM J.A. BEKKALA, WAWIW;TW, W. 



Table  4 :  OPEUTINC, RAIL AND OCEAN FREICHT COSTS FOR -- 
SIHTER FINES AND PELLETS 

_ _ _ _ _ _ _ _ _ _  _--_---- .................................................... --------------- ------- 
SIHTER FINES PeLLMS RAI L OCEAN 

REGION/ OPERATING OPERATING TRAHSPORTATIOt* FREICHT 
COUNTilY COSTS COSTS O S T  COST _ _ _ _ _ _ _ _ _ _  ___- -  ----.------------------------------------------------------------------- ------ 

BHAZ I L 
PRODUCERS 

CANADA 
PRODUCERS / B  

EUROPE 
PRODUCERS 

HEX1 CO 
PRODUCERS 

UNITED STATES 
LAKE SUPERIOR PRODUCERS 5.25-9.50 6.00-10.60 0.25-4.80 
LAKE SUPERIOR WONPRODUCERS 6.00-13.50 7.30-12.90 0.25-4.80 
OTHER NONPRODUCERS 5.5-22.25 6.50-14.00 0.25-4.80 

/ A  TO WESTERN EUROPE. 
/B CANADIAN PRODUCERS INCLUDE MINES PROCESSING ONLY HWATITE ORES. 
/C TO WESTERN EUROPE. 
/ D  SWEDEN. 
/E FRW NORWAY TO WESTERN EUROPE. 

SOURCE: THE US BUREAU OF MINES. 1987, IRON ORE AVAILABILITY - XARKET ECONOMY 
COUKTRJ ES: A HIN~RALS~AVAIU\BILITY APPRAISAL, BY J .L. BOLIS AND 
J.A. BI~KKALA, YASHIWCTON, DC. 



of one  t o n  of c r u d e  s t e e l .  About 1.2 t o n s  of i r o n  o r e  i s  r e q u i r e d  p e r  t o n  of  

s t e e l  u s i n g  t h e s e  p r o c e s s e s ,  compared t o  1.6 t o n s  f o r  t h e  a lmos t  

economica l  ly- obsol  e t e  open h e s r t h  f u r n a c e  sys tems .  

Second,  t h e r e  were impor tan t  changes  i n  t h e  t y p e  of s t e e l  b e i n g  

consumed a n d  t e c h n o l o g i c a l  improvements i n  s t e e l  u t i l i z a t i o n .  The u s e  o f  h igh-  

s t r e n g t h  s t e e l  i n  t h e  au tomobi le  i n d u s t r y  l e d  t o  weight  s a v i n g s  and s m a l l e r  

c a r s .  The evolvement  of new t e c h n i q u e s  i n  b u i l d i n g  and c i v i l  c o n s t r u c t i o n  

p e r m i t t e d  g r e a t e r  u s e  of c o n c r e t e  and h i g h - t e n s i l e  s t e e l s .  These  examples  and 

o t h e r s ,  s u c h  a s  t h e  u s e  o f  s u b s t i t u t e  m a t e r i a l a  (e.g., aluminum f o r  s t e e l  i n  

a u t o m o b i l e s ) ,  o r  improved manufac tu r ing  t e c h n i q u e s  (e.g.,  i n  househo ld  

d u r a b l e s )  have l e d  t o  d e c r e a s e d  s t e e l  u s e  and u l t i m a t e l y  r educed  i r o n  o r e  

demand. P a r t l y  a s  a r e s u l t  t h e  growth of i r o n  o r e  consumption slowed f rom 5.5% 

p.a .  i n  t h e  1960-69 p e r i o d  t o  1.8% p.a. i n  t h e  1970-79 p e r i o d ;  consumption 

d e c l i n e d  by 1.2% p.a. i n  t h e  1980-85 p e r i o d  ( s e e  T a b l e  5 ) .  The development of  

t h e  s t e e l  i n d u s t r y  i n  J a p a n ,  B r a z i l ,  t h e  R e p u b l i c  of Korea and China c o i n c i d e d  

w i t h  t h e  d e c l i n e  of t h e  s t e e l  i n d u s t r y  i n  t h e  Uni ted S t a t e s  and t h e  EEC. As a  

r e s u l t ,  t h e  demand f o r  i r o n  c r e  changed c o n s i d e r a b l y  among c o u n t r i e s  i n  t h e  

1960-85 p e r i o d .  The s h a r e  of a p p a r e n t  consumption h e l d  by t h e  Uni ted  S t a t e r  

d e c l i n e d  from 26% i n  1960 t o  7.3% i n  1985. On t h e  o t h e r  hand,  J a p a n ' s  s h a r e  

i n c r e a s e d  from 4.12 t o  15.1%. The demand f o r  i r o n  o r e  i n c r e a s e d  f a s t e s t  i n  

J a p a n ,  Canada, B r a z i l ,  t h e  Repub l i c  of Korea ,  I n d i a ,  Sou th  A f r i c a ,  Mexico, 

China and Spa in .  

11.3 International Trade 

The p e r c e n t a g e  of  wcr ld  i r o n  ore p r o d u c t i o n  t r a d e d  i n t e r n a t i o n a l l y  

h a s  r o s e  f rom 302 i n  1961 t o  46% i n  1985. I n t e r n a t i o n a l  t r a d e  volume reached  a 

peak o f  a b o u t  234 m i l l i o n  t o n s  ( i n  i r o n  c o n t e n t )  i n  1985. 



Tabla: l ROCJ OfE APPAPfNT COIJSWT ION 

(FE CONTENT IN MILLION T W )  

LEVEL Of APfMNT CONSWTIW ---------------------------------- CROYTH RATE SHARE ff TOTAL. .................................. --------------I-------------- 

F C W S  CONTENT -------- *- - - - - -  

CANAOA 
UNITED STATES 
G € W Y ,  F.R. 
FMr(CE 

BELGIUM-LUX. 
SWEDEN 
SPA I N 
UNITED KINGOOC( 

JAPAN 
AUSTRAL l A 

SOUTH M R  l CA 
I W I A  ' 

M I L  
C(EXIC0 
USSR 
CZECHOSLOVAK I A 
CHINA 

/A ESTIMATED ON THE BAS S Of LEAST S W M S  TEND FITTING. 
/B 1961. 
K 1960-1983. 
/D 1960-1969, 
/E ESTIMATED. 



I n  1985, s i x  c o u n t r i e s  ~ c c o u n t e d  f o r  more than 7 5 %  of  i r o n  o r e  

e x p o r t s .  'rncoe g r w p s ,  J a p a n ,  t h e  EEC and t h e  Uni ted S t a t e s ,  consumed a b o u t  

70% of t h e  i r o n  o r e  t r a d e d  on t h e  i n t e r n a t i o n a l  market ( s e e  T a b l e  6 ) .  

The J a p a n e s e  s t e e l  i n d u s t r y  i s  based on imported o r e  because  t h e r e  

are  v i r t u a l l y  no domes t i c  i r o n  o r e  r * q o u r c e s .  The Western European s t e e l  

i n d u s t r y  was e s t a b l i s h e d  on t h e  b a s i s  ' d o m e s t i c  o r e s .  Due t o  t h e  p r e s e n t  

m a r g i n a l  q u a l i t y  of  t h e s e  o r e s ,  w i t h  g r a d e s  between 30-40% i r o n ,  and t h e  

a s s o c i a t e d  i n c r e a s e d  c o s t s  f o r  p ig- i  ron p roduc t  i o n ,  t h e  EEC c o u n t r i e s  now 

impor t  a b o u t  80% of  t h e i r  i r o n  o r e  r e q u i r e l r a n t s .  

T h e r e  a r e  a  number of d i s t i n c t  d i f f e r e n c e s  be tveen  i n d u s t r i a l  and 

d e v e l o p i n g  c o u n t r i e s  w i t h  r e s p e c t  t o  i r o n  o r e  t r a d e .  As a n  example,  i n  1975, 

d e v e l o p i n g  c o u n t r i e s  f u r n i s h e d  952 of  t h e i r  e x p o r t s  t o  t h e  i n d u s t r i a l  

c o u n t r i e s .  T h i s  c o n s t i t u t e d  a lmos t  S O X  of  t h e  t o t a l  import  n e e d s  of  i r o n  o r e  

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

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

i r o n  o r e ,  

Deve lop ing  c o u n t r i e s ,  however, have i n c r e a s e d  steel p r o d u c t i o n  

r a p i d l y ,  a s  r e f l e c t e d  i n  t h e  5.7 p.a. i n c r e a s e  i n  i r o n  o r e  consumption d u r i n g  

t h e  1970s. In  c o n t r a s t ,  t h e  consumption of i r o n  o r e  i n  t h e  i n d u s t r i a l  

c o u n t r i e s  d e c r e a s e d  a t  a n  annua l  r a t e  of 0.7% d u r i n g  t h e  same p e r i o d .  

Long-term c o n t r a c t s  c o v e r  t h e  major  p a r t  of a l l  i r o n  o r e  t r a n s a c t i o n s  

between t h e  s t e e l  m i l l s  and t h e i r  c a p t i v e  mines  a s  well a s  between t h e  i r o n  

o r e  p r o d u c e r s  and s t e e l  mills i n  g e n e r a l .  A t  p r e s e n t ,  t h e  J a p a n e s e  s t e e l  

i n d u s t r y  meets 90% o f  i t s  import  r e q u i r e m e n t s  under  t h i s  t y p e  of  a r rangement ,  

11 E x p o r t s  a r e  p r e s e n t e d  i r  T a b l e  6 i n  t e rms  of i r o n  o r e  c o n t e n t ,  - 
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whereas  t h e  European c o u n t r i e s  r e c e i v e  40% of t h e i r  impor t s  under  l o n g- t e r n  

c o n t r a c t s .  The b a l a n c e  r e p r e s e n t s  s a l e s  on t h e  spo: market o r  under  s h o r t - t e r m  

c o n t r a c t s .  

The s t e e l  p r o d u c e r s  have e s t a b l i s h e d  ve ry  c l o s e  r e l a t i o n s h i p e  w i t h  

most i r o n  o r e  mines t h a t  began producing i n  t h e  e a r l y  1969s.  Examples i n c l u d e  

mines  i n  can ad^ and Western A f r i c a  which have p a r t i a l  ownersh ip  by s t e e l  

compan ies ,  and t h e  n i n e s  i n  A u s t r a l i a  v h i c h  v e r e  e s t a b l i s h e d  under  long- te rm 

c o n t r a c t s  t o  J a p a n e s e  s t e e l  m i l l s .  These  r e l a t i o n s h i p s  a s s u r e  t h e  s t e e l  

p r o d u c e r s  of a  s t a b l e  s o u r c e  and p r i c e  f o r  t h e i r  ore .  I n  t h e  l a s t  d e c a d e ,  

l a r g e  consumers  have reduced t h e i r  s u p p l y  r i s k  f u r t h e r  th rough  d i r e c t  

i n v e s t m e n t  i n  a d d i t i o n a l  mines a n d / o r  l o n g - t e r n  c o n t r a c t s  w i t h  o t h e r  mines ,  

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

have a s s u r e d  t h e m s e l v e s  of a  more- than- adequate supp ly  o f  i r o n  o r e  by o f f e r i n g  

i n c e n t i v e s  t o  open new mines w i t h  long- term c o n t r a c t s  o r  w i t h  p a r t i a l  

ownersh ip .  A l t e r n a t i v e l y ,  such g u a r a n t e e d  marke t s  a r e  n e c e s s a r y  f o r  t h e  mine 

owners and t h e i r  f i n a n c i a l  b a c k e r s  t o  j u s t i f y  t h e  l a r g e  i n v e s t e n t s  needed t o  

d e v e l o p  t h e  mines.  

I n  t h e  p a s t ,  under  t h e  umbre l l a  of long- term supp ly  c o n t r a c t s ,  t h e  

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

However, i n  r e c e n t  y e a r s ,  a  g r a d u a l  r e d u c t i o n  of t h e  s t a b i l i t y  p rov ided  by 

t h e s e  long- term a r rangemeyts  has been w i t n e s s e d .  The b r e a c h  of c o n t r a c t e d  

b a s i c  q u a n t i t y  couxnitments h a s  become more t h e  norm r a t h e r  t h a n  t h e i r  

f u l f i l l m e n t .  I n  many c a s e s ,  s t e e l  mills have  a c c e p t e d  o n l y  60%-70% o f  b a s i c  

~ o n t r a c t u a l  t o n n a g e s ,  making t h e  u s u a l  10% q u a n t i t y  v a r i a t i o n  c l a u s e s  a p p e a r  

m e a n i n g l e s s .  



T h i s  c o n t r a c t u a l  breakdown has  i nc r ea sed  t h e  tendency towards wider  

q u a n t i t y  margins  and s h o r t e r  c o n t r a c t  d u r a t i o n s .  P e r e i s t e n c e  of t h i s  t r e n d ,  

coupled wi th  t h e  apparen t  l a t i t u d e  in approach t o  t h e  q u a n t i t y  margina, v i l l  

g r e e t l y  d imin ish  t,he va lue  of  t he se  c o n t r a c t s  and can only r e s u l t  i n  i nc r ea sed  

compe t i t i venes s  i n  iron o r e  mining o per at ions and i n  t h e  sh ipp ing  i n d u s t r y  

o p e r a t i o n s .  

1 4  P r i c e  S t r u c t u r e  

I r o n  o r e  p r e s e n t l y  accounts  f o r  on ly  10-15% of t h e  c o s t  of  a  t on  of 

s t e e l  e v e n  though i t  t a k e s  about  1 .2  tons  o f  i r o n  o r e  t o  produce one t on  of 

steel. The p r i c e  of i r o n  o r e  does no t  f l u c t u a t e  a u t o m a t i c a l l y  wi th  t h e  p r i c e  

of i r o n / s t e e l .  

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

marke t ,  w i th  r e l a t i v e l y  few producers  s e l l i n g  t h e i r  product  t o  r e l a t i v e l y  f e w  

buyers, On t h e  demand s i d e ,  Japanese  and European s t e e l  mskers dominate  t h e  

market f o r  i r o n  o r e ,  and ,  t o  a g r e a t  e x t e n t ,  c o n t r o l  i r o n  o r e  p r i c e s .  However, 

i n d i v i d u a l  s t e e l  makers normally do  no t  n e g o t i a t e  t h e i r  own c o n t r a c t s :  most 

n e g o t i a t i o n s  a r e  done through i ndus t ry- or i en t ed  buying o rgan i za t i ons .  The 

m a j o r i t y  of Japaneae purchases  and sh ipp ing  c o n t r a c t s  a r e  handled c o n c u r r e n t l y  

by t h e  buying companies. The Federa l  Republ ic  of Germany ha s  two coope ra t i ng  

agenc i e s  t h a t  a r e  commissioned w i th  t h e  buying and t r a n s p o r t i n g  of raw 

m a t e r i a l s  f o r  t h e  s t e e l  i n d u s t r y ,  I n  t h e  United Kingdom and I t a l y ,  purchares  

of i r o n  o r e  a r e  n e g o t i a t e d  h o r i z o n t a l l y  by industry-owned  organization^. 

Because of t h e i r  geographic  and ownership r e l a t i o n s h i p s ,  A u s t r a l i a  is  

t h e  producer  l e a d e r  f o r  o r e  impor t s  i n t o  Japan,  and B r a z i l  ( p r e v i o u s l y  it was 

Sweden) i s  t h e  producer  l e a d e r  f o r  i r o n  o r e  imported i n t o  Western Europe. 



Host  i r o n  o r e  i s  s o l d  on an annua l  o r  m u l t i- y e a r  t e r n  c o n t r a c t  on a 

t o n n a g e  b a s i s ,  v i t h  an  gnnua l  o r  s m e t  imes semi- annual r e n e g o t i a t i o n  o f  

p r i c e s .  These  annua l  n e g o t i a t i o n s  have a  wide impact on t h e  i r o n  o r e  i n d u s t r y ;  

p r i c e s  t h a t  a r e  n e g o t i a t e d  y e a r l y  by B r a z i l  and Australia, t h e  l a r g e s t  

e x p o r t e r s ,  a r e  c o n s t r u e d  a s  t h e  benchmark p r i c e s  f o r  t h e  o t h e r  a r e  exp,, t e r s  

and consumers  d u r i n g  t h e i r  n e g o t i a t i o n s .  

S t e e l  mills a r e  invo lved  i n  t h e  development of  many i r o n  o r e  mine8 

e i t h e r  t h r o u g h  v e r t i c a l  i n t e g r a t i o n ,  p a r t i a l  ownership ,  o r  th rough  f i n a n c i a l  

and t e c h n i c a l  a s s i s t a n c e .  Hany of t h e  c o n t r a c t s  a r e  in tercompany t r a n s a c t i o n s ;  

t r a d i t i o r r a l l y ,  t h e  s u p p l y  of i r o n  o r e  t o  t h e  s t e e l  i n d u s t r y  i n  t h e  Uni ted  

S t a t e s  and Canada h a s  been from c a p t i v e  mines .  US s t e e l  companies c o n t i n u e  t o  

i n v e s t  i n  o r e  p r o d u c t i o n  f a c i l i t i e s  and d e r i v e  up t o  80% o f  t h e i r  r e q u i r e m e n t s  

t h r o u g h  s u c h  t r a n s a c t i o n s .  The European s t e e l  i n d u s t r y  h a s  s i m i l a r  ownersh ip  

t i e s  w i t h  mines  i n  West A f r i c a  and L a t i n  America. H w e v e r ,  s e v e r a l  o f  t h e  

mines  i n  t h e s e  r e g i o n s  h a v e  been n a t i o n a l i z e d  and t h e  s u p p l y  of o r e  t h r o u g h  

t h e s e  t i e s  h a s  been s i g n i f i c a n t l y  reduced.  

I r o n  o r e  i s  n o t  a  homogenous commodity w i t h  r e s p e c t  t o  c o n t a i n e d  

i r o n ,  s i z e ,  cr  d e l e t e r i o u s  m a t e r i a l .  Consequen t ly ,  t h e  p r i c e  s t r u c t u r e  i s  

complex; s a l e s  of t h e  d i f f e r e n t  q u a l i t i e s  o f  o r e s  r e q u i r e  a  v e s t  r a n g e  of 

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

The p r i c e  f o r  i r o n  o r e  p a i d  t o  t h e  mine, w i t h  t h e  e x c e p t i o n  o f  

d o n e s t i c  o r e s ,  is t h e  c a l c u l a t e d  FOB p r i c e .  However, t h e  FOB p r i c e  i s  d e r i v e d  

f rom t h e  CXP p r i c e  which i s  t h e  p r i c e  w i t h  which t h e  s t e e l  p r o d u c e r r  a r e  

i n i t i a l l y  concerned .  CIF o r  C+P p r i c e s  f o r  f u l l y  comparable  p r o d u c t s  t e n d  t o  

be e q u a l  i n  a g i v e n  market .  T h i s  i s  because  i r o n  o r e  buyers  w i l l  g e n e r a l l y  

n e g o t i a t e  c o n t r a c t s  s o  that p r i c e s  f o r  i r o n  o r e  of t h z  same q u a l i t y  a r e  a l l  



e q u a l  on a d e l i v e r e d  b a s i s .  The FOB p r i c e  i s  de te rmined  by s u b t r a c t i n g  t h e  

e s t i m a t e d  ocean f r e i g h t  c o s t  from t h e  C I P  p r i c e .  The r e s u l t i n g  FOB p r i c e  i s  

used a s  a  b a s i s  f o r  reimbursement t o  t h e  mine. D i f f e z e n c e s  i n  CIP  p r i c e s  

between v a r i ~ u s  i r o n  o res  d e l i v e r e d  t o  a  p a r t i c u l a r  s t e e l  m i l l  a r e ,  t h e r e f o r e ,  

due e i t h e r  t o  d i f f e r e n c e s  in  q u a l i t y  o r  type  o f  t h e  o r e  o r  t o  d i f f e r e n c e s  i n  

t h e  t y p e  of c o r ~ t r a c t  and d a t e  o f  i t s  n e g o t i a t i o n .  

6as i r .g  t h e  s a l e  p r i c e  o f  i r o n  o r e  on t h e  FOB v b l u e  h a s  made t h e  o t c e l  

mi l l s  r e s p o n s i b l e  f o r  p ~ y i n g  ocean f r e i g h t  c o s t s  and f o r  p r i c e  f l u c t u a t i o n r  i n  

f r e i g h t  r a t e s .  S t e e l  p roducers  p r e f e r  t o  be r e s p o n s i b l e  f o r  ocean f r e i g h t  

c o s t s ;  i n d e e d ,  i t  h a s  been d i f f i c u l t  f o r  i r o n  o re  p r o d u c e r s  t o  n e g o t i a t e  

c o n t r a c t s  i n  which t h e y  a r e  r e s p o n s i b l e  f o r  s h i p p i n g  d r r a n g e w n t s .  S i n c e  o c e a n  

f r e i g h t  r a t e s  have been  s t e a d i l y  d e c l i n i n g  f o r  t h e  p a s t  two decades ,  t h e  a t e e l  

n o t  t h e  i r o n  o r e  p r o d u c e r s ,  have b e n e f i t t e d  ~ r o m  reduced r a t e r  

though some a f  t h e  b e n e f i t  must a c c r u e  t o  t h e  e x p o r t e r ? .  Although t h e  b u y e r s  

b e n e f i t  f rom t h e  r e d u c t i o n  i n  t r a n s p o r t  c o s t s ,  t h e  e x p o r t e r s  i n v e s t  t h e  

c a p i t a l  f o r  t h e  p o r t  f a c i l i t i e s  t h a t  have  made t h e  lower ocean  t r a n s p o r t  c o s t s  

p o s s i b l e  t h r o u g h  a c c o m d a t i n g  l a r g e r  v e s s e l s .  

The i n c r e l s e d  abundance of i r o n  o r e  worldwide,  o v e r  t i m e ,  h a s  p l a c e d  

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

o v e r s u p p l y  of i r o n  o r e  c a p a c i t y  i n  t h e  l a s t  decade h a s  made t h e  market 

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

i n t e r n a t i o n a l  p r i c e s  i n  r e a l  tercra. I n c r e a s i n g l y  s t r i n g e n t  c o n d i t i o n s  have  

been imposed upon t h e  o r e  p roducers  by t h e  s t e e l  makers.  Al though s teel  

companies  have d i v e r s i f i e d  t h e i r  marke t s  w h i l e  a t  t h e  same time d i v e r s i f y i n g  

t h e i r  i r o n  o r e  s u p p l i e s ,  i r o n  o r e  e x p o r t e r s  have no t  been s u c c e s s f u l  i n  



d i v e r s i f y i n g  t h e i r  marke t s  ( s e e  T a b l e  7 ) .  Each of t h e  major  e x p o r t i n g  

c o u n t r i e s  r e l y  m a i n l y  on one marke t ,  which weakens t h e i r  p o s i t i o n  w i t h  r e s ? e c t  

t o  t h e  o t h e r  p o t e n t i a l  buyers .  Examples o f  t h i s  dependency i n  e x p o r t s  a r e  

Canada t o  t h e  Uni ted S t a t e s ,  Sweden Lo Western Europe and A u s t r a l i a  t o  Japan .  

The f o r m t i o n  of t h e  A s s o c i a t i o n  o f  I r o n  Ore Expor t ing  C o u n t r i e s  (APEF) h a s  

o n l y  m a r g i c a l l y  improved t h e  n e g o t i a t i n g  p o s t u r e  of  t h e  i r o n  o r e  p r o d u c e r s .  I t  

h a s  n o t  been v e r y  e f f e c t i v e  s i n c e  b o t h  B r a z i l  and Canada have op ted  n o t  t o  

j o i n .  

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

n e g o t i a t i o n s  remains  r a t h e r  complex, some b a s i c  rr ' a n i s m s  have been 

e s t a b l i s h e d  and i n  gerrera l  a p p l i e d  th rough  t h e  y e a r s .  Up t o  a  few y e a r s  ago ,  

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

October/Hovember a ~ d  ended b e f o r e  Chr i s tmas .  3/ I n  some r e c e n t  y e a r s  t h e  

n e g o t i a t i o n s  have had a tendency t o  d r a g  on  w e l l  i n t o  t h e  new y e a r .  I n  c a s e s  

where  no p r i c e  a g r e e n w r t  had been reached  b e f o r e  t h e  end o f  t h e  d e l i v e r y  y e a r ,  

t h e  p a r t i e s  n o r m a l l y  a g r e e d  on a p r o v i s i o n a l  p r i c e  f o r  sh ipments  i n  t h e  new 

y e a r .  I n  v i e u  o f  t h e  l a r g e  o r e  q u a n t i t i e s  r e c e i v e d  v i a  Rot terdam,  i t  h a s  f o r  

v e r y  many y e a r s  been t h e  p r a c t i c e  t o  t a k e  the CI? Rot terdam p r i ce  a s  a 

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

11 The APEP was formed i n  1975 and c o n s i s t s  of A l g e r i a ,  A u s t r a l i a ,  C h i l e ,  - 
I n d i a ,  L i b e r i a ,  Haur i  t a n i a ,  Peru: Si errs Leone, Sweden, Trrnis ia  and 
Venezuela .  The s t a t e d  purpose  of t h e  APEF i s  t o  improve i n f o r m a t i o n ,  
m a r k e t i n g  c o o p e r a t i o n ,  and t o  o b t a i n  more s a t i s f a c t o r y  p r i c i n g  p o l i c i e s  
f o r  i r o n  o r e .  

2 1  I n  Europe t h e  " i r o n  o r e  year"  i s  t h e  c a l e n d a r  y e a r  whereas  i n  Japan  i t  is  - 
t h e  f i s c a l  y e a r  ( A p r i l  1 t o  Harch 31) .  
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t o  s m a l l  European p o r t s  have been d e t e r m i n e d  i n  r e l a t i o n  t o  CIP p r i c e  

R o t t e r d a m  a f t e r  t a k i n g  i n t o  accoun t  s e a  f r e i g h t  and p o r t  c o s t  d i f f e r e n c e s  

between Rot te rdam and t h e  p o r t  i n  q u e s t i o n .  \ 

Up t o  1974-75  t h e  C!F Rotterdam r e f e r e n c e  p r i c e  was d e c i d e d  i n  

n e g o t i a t i o n s  betvccn t h e  Swedish i r o n  o r e  s e l l e r s  and t h e  s t e e l  m i l l s  of  t h e  

F e d e r a l  Repub l i c  of  Germany. I n  subsequen t  y e a r s ,  t h i s  r e f e r e n c e  p r i c e  was 

n e g o t i a t e d  between t h e  same s t e e l  mil ls  and t h e  t r a z i l i a n  company CVRD. The 

p r i c e  i s  d e f i n e d  i n  US$ pe r  Fe u n i t / D M ~  ( d r y  m e t r i c  t o n ) .  The p r i c e  

d i f f e r e n t i a l s  f o r  o r e  q u a l i t y  d i f f e r e n c e s  a r e  e x p r e s s e d  a 9  premia o r  d i s c o u n t s  

on t h e  c a l c u l a t e d  g e n e r a l  FOB p r i c e  i n  U S ~ / P ~  u n i t .  A/  

I n  Japan ,  p r i c e  i s  d e f i n e d  i n  US$ p e r  Fe  unit/^^^ ( d r y  l o n g  t o n ) .  - 2 1  

In t h z  p a s t ,  J a p a n e s e  s t e e l  m i l l s  a g r e e d  t o  pay f o r  " ~ t l a n t i c "  B a r i n  o r e s  t h e  

FOB p r i c c  v a l i d  f o r  d e l i v e r y  t o  European buyers ,  p l u s  t h e  f r e i g h t  f o r  

t r a n s p o r t  t o  Japan .  A s  t h e  expans ion  o f  s t e e l  c a p a c i t y  s lowed down i n  J a p a n ,  

J a p a n e s e  s t e e l  m i l l s  f e l t  more s e c u r e  i n  t h e i r  s u p p l i e s  of i r o n  o r e .  The 

p r i c i n g  p o l i c y  was g r a d u a l l y  r e p l a c e d  by a  " f r e i g h t  s h a r i n g"  sys tem under  

which t h e  s e l l e r  and t h e  buyer  s h a r e d  t h e  d i f f e r e n c e  between t h e  f r e i g h t  c o s t s  

t o  Europe and J a p a n  on an e q u a l  b a s i s .  J a p a n e s e  s t e e l  m i l l s  now seem t o  be 

i n c l i n e d  t o  change t h i s  " f r e i g h t  s h a r i n g"  sys tem and t o  f o l l o w  t h e  European 

s y s t e m  w i t h  e q u a l  CIF p r i c e s  f o r  t h e  v a r i o u s  impor ted  i r o n  o r e s .  I n  v iew of  

t h e  o v e r s u p p l y  and t h e  r e l a t i v e  s i m p l i c i t y  o f  r e p l a c i n g  one s o u r c e  of  s u p p l y  

1/ I r o n  o r e  p r o d u c t s  a r e  s o l d  on a n  " i r o n  u n i t  bas i s ."  For  example ,  a  - 
c o n c e n t r a t e  o f  66% c o n t a i n r  66 i r o n  u n i t s .  

2 1  One l o n g  t o n  = 1.016 m e t r i c  t o n .  - 



w i t h  a n o t h e r ,  i r o n  o r e  marke t s  have become q u i t e  c o m p e t i t i v e  and i n c r e a s i n g l y  

i r o n  o r e  i s  t r a d e d  o n  a s p o t  b a s i s .  . ' 

11 .5  Government Ro le  

I n  many of  t h e  producing c o u n t r i e s ,  governments  f u l l y  o r  p a r t i a l l y  

own i r o n  ore  p l a n t s .  B r a z i l ,  C h i l e ,  F r a n c e ,  I n d i a ,  L i b e r i a ,  M a u r i t a n i a ,  

Mexico,  Norway, P e r u ,  S i e r r a  Leone, Sou th  A f r i c a ,  Sweden and Venezuela  a r e  

some o f  t h e  c o u n t r i c e  where t h i s  -occurs .  I r o n  o r e  i s  a  ma jo r  s o u r c e  of f o r e i g n  

exchange and a n  i m p o r t a n t  s o u r c e  of  t a x  revenue  f o r  many c o u n t r i e s .  

I n  view of t h e  p e r c e i v e d  economic and s t r a t e g i c  impor tance  of t h e  

i r o n  o r e  i n d u s t r y  th rough  i t s  l i n k  t o  t h e  s t e e l  i n d u s t r y ,  governments  o f t e n  

choose  t o  p r o t e c t  and i n t e r v e n e  i n  i t s  o p e r a t i o n s ,  p a r t i c u l a r l y  i n  p e r i o d s  of 

r e s t r u c t u r i n g  and change such  aa  a t  p r e s e n t .  Governmental i n t e r v e n t i o n s  a p p e a r  

i n  many forms.  f o r  example ,  t h e  Swedish i r o n  o r e  mines ,  which have teen i n  

s e r i o u s  f i n a n c i a l  t r o u b l e  f o r  a  number of y e a r s ,  a r e  being s u p p o r t e d  by t h e  

C ~ v e r n m e n t  th rough  monetary  payouts .  Sydvaranger ,  a  Norwegian i r o n  o r e  

company, h a s  been r e c e i v i n g  g r a n t s  from t h e  Government f o r  t h e  p a s t  few y e a r s .  

I n  F r a n c e ,  most i r o n  o r e  mines a r e  a s s i s t e d  by t h e  Covernment, based on t h e  

r a t i o n a l e  o f  e n s u r i n g  a  supp ly  of f e e d s t o c k  f o r  t h e  doares t i c  s t e e l  i n d u s t r y  

and t o  p r o v i d e  employment. The P e r u v i a n  Covernment, i n  t h e  l a t t e r  p a r t  cf 

1980,  p rov ided  e x p o r t  t a x  r e l i e f  on s a l e s  by g r a n t i n g  exemption from t h e  17.5% 

e x p o r t  t a x .  

Trade  i n  i r o n  o r e  b e n e f i t s  from d u t y- f r e e  t r e a t m e n t  under  two major  

p r e t e r e n c e  sys tems.  F i r s t ,  t h e r e  i s  t h e  g e n e r a l i z e d  sys tem o f  p r e f e r e n c e s  

(CSP) which h a s  suspended t a r i f f  b a r r i e r s  f o r  i m p o r t s  from d e v e l o p i n g  

c o u n t r i e s  i n  i n d i v i d u a l  c o u n t r y  p r e f e r e n t  i a l  schemes. Second, t h e  s p e c i a l  

p r e f e r e n c e s  o f f e r e d  by t h e  EEC t o  A f r i c a n ,  Car ibbean  and P a c i f i c  (ACP) S t a t e s  



u n d e r  t h e   om& C o n v e n t i o n  which  a c c o r d s  d u t y - f r e e  t r e a t m e n t  t o  some p r i m a r y  

and  i n d u s t r i a l  p r c d u c t s  i n c l u d i n g  i r o n  o r e .  N o n t a r i f f  b a r r i e r s  a r e  r e l a t i v e l y  

few and g e n e r a l l y  a p p l y  t o  s t e e l  p r o d u c t s  r a t h e r  t h a n  i r o n  o r e .  Scch n o n t a r i f f  

b a r r i e r s  i n c l u d e  impor t  l i c e n s e s ,  s u r c h a r g e s ,  v a l u a t i o n  p r o c e d u r e s ,  custorna 

fees a n d  d e p o s i t s .  L/  A t  p r e s e n t  s u c h  i n t e r v e n t  inns a r e  s p o r a d i c  and l i m i t e d  

t o  v e r y  f ew  c o u n t r i e s .  

I /  See U n i t e d  Nations,   he I r o n  Ore  and S t e e l  industry," ~ ~ / ~ / 6 . 2 / 1 7 6 / ~ e v . l ,  - 
S a l e s  No. E.78.II.D.1, 1978, New York. 



111.1 An O v e r v i w  o f  t h e  b i n  F e a t u r e s  of t h e  Model 

Fo r  a v e r y  l o n g  t i m e  t h e  n e g o t i a t e d  p r i c e  be tween r e p r e s e n t a t i v e s  o f  

Swed i sh  and 1 a t e r  B r ~ z i l  i a n  i r o n  ore c o m p & ~ i o s  and  representative^ of  a t e e l  

mills o f  Continental Europe  (mainly of t h e  F e d e r a l  R e p u b l i c  of  Germany) h a s  

been c o n s i d e r e d  r h e  g e n e r a l  r e f e r e n c e  i r o n  o r e  p r i c e  on  t h e  b a s i s  of  wh ich  

or -her  i r o n  o r e  and s t e e l  p r o d u c e r s  n e g o t i a t e d  t h e i r  c o n t r a c t s .  Over t h e  l a s t  

few y e a r s ,  however ,  c o m p e t i t i o n  h a s  i n c r e a s e d .  Consumers and  a m a l l  p r o d u c e r s  

have  s t a r t e d  t o  n e g o t i a t e  p r i c e s  and q u a n t i t i e s  b e f o r e  t h e  c o n c l u s i o n  of t h e  

n e g o t i a t i o n s  be tween t h e  r e p r e s e n t a t i v e s  o f  C o n t i n e n t a l  Europe  a n d  B r a z i l .  The 

aim of consumers  i n  d o i n g  oo i a  t o  i n f l u e n c e  t h e  outcome of n e g o t i a t i o n 1 1  w i t h  

B r a z i l ,  A u s t r a l i a  and  o t h e r  m a j o r  p r o d u c e r s ,  v h e r e a s  t h e  a im o f  a m a l l  

p r o d u c e r s  i s  t o  l o c k  i n  t h e i r  s h a r e  of  e x p o r t s  e a r l y  i n  t h e  y e a r .  I n  t h e  p a s t ,  

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

m i l l s  s u c c e e d e d  i n  s e c u r i n g  ag reemen t  on p r i c e  c h a n g e s  w i t h  B r a z i l i a n  a n d  

A u s t r a l i a n  supp1 :e r s  s i m i l a r  t o  t h o s e  n e g o t i a t e d  be tween C o n t i n e n t a l  I!urope 

a n d  B r a z i l .  I n  t h e  f u t u r e ,  however ,  J a p a n e s e  s tee l  mills a r e  e x p e c t e d  t o  a c t  

more i n d e p e n d e n t l y  w h i l e  t a k i n g  i n t o  c o n s i d e r a t i o n  t h e  outcome o f  n e g o t i a . t i o n r  

be tween  B r a z i l  and  C o n t i n e n t a l  Europe .  

We w i l l  assume h e r e  t h a t  f o r  a l l  p r a c t i c a l  p u r p o s e s  t h e  g e n e r a l  

r e f e r e n c e  i r o n  o r e  p r i c e  ( t h e  CIF Nor th  Sea  f o r  B r a z i l i a n  65% Fe s i n t e r  f i n e s )  

is  b e i n g  n e g o t i a t e d  and s e t  be tween r e p r e s e n t a t i v e s  o f  B r a z i l  and  C o n t i n e n t a l  



Europe.  l-/ T h i s  r e f e r e n c e  p r i c e  i s  assumed t o  a f f e c t  t h e  n e g o t i a t i o n s  o f  a l l  

o t h e r  i r o n  o r e  p r i c e e  ( i n  a  nonhomgenous way) .  Under t h e s e  n e g o t i a t i o n s  w e  

assurne t h a t  market  p a r t i c i p a n t s  r e c o g n i z e  t h e i r  mutual i n t e r d e p e n d e n c e  and 

r e a c h  m u t u a l l y  r a t i s f a c t o r y  agreement ( c o n t r a c t )  a s  t o  t h e  r e f e r e n c e  p r i c e  and 

t h e  q u a n t i t y  t h a t  B r a z i l  w i l l  e x p o r t  t o  most EEC c o u n t r i e s  (namely,  t h e  

F e d e r a l  Repub l i c  of Germany, F rance ,  Uni t ed  Kingdom, I t a l y ,  Belgium, 

Luxembourg and t h e  N e t h e r l a n d s ) .  

The p r o c e r s  of s e t t i n g  p r i c e s  and q u a n t i t i e s  i s  r e p a r a t e d  i n t o  two 

s t e p s .  Thc f i r s t  r t e p  i s  t h e  p r e p a r a t i o n  f o r  t h e  n e g o t i a t i o n s  by t h e  two 

p a r t i e s .  Dur ing  t h i s  r t e p ,  t h e  i r o n  o r e  p r o d u c e r s  and s t e e l  mil ls  s p e c i f y  

t h e i r  d e s i r e d  p r i c e  m d  q u a n t i t y  l e v e l s  and t h e i r  n e g o t i a t i n g  s t r a t e g i e s  

i n d e p e n d e n t l y  of  each  o t h e r .  The second s t e p  i n v o l v e s  t h e  b a r g a i n i n g  p r o c e s s .  

I t  i s  assumed t h a t  t h e  p a r t i c i p a n t s  n e g o t i a t e  t h e  d i s t r i b u t i o n  o f  t h e i r  j o i n t  

p r o f i t s  v i t h  t h e  corrmon o b j e c t i v e  of a g r e e i n g  on a p r i c e  t h a t  w i l l  n o t  p u t  

e i t h e r  p a r t i c i p a n t  o u t  o f  b u s i n e s s .  

The p r e p a r a t i o n  f o r  n e g o t i a t i o n  by  B r a z i l i a n  i r o n  o r e  p r o d u c e r s  

i n v o l v e s  e s t i m a t i n g  t h e  p r i c e  and q u a n t i t y  of i r o n  o r e  t h a t  w i l l  maximize 

t h e i r  p r o f i t s .  The p r o d u c e r s  know w e l l  t h e  demand f o r  t h e i r  p r o d u c t s  and t h e  

c o s t  i m p l i c a t i o n s  of t h e i r  o p e r a t i o n s .  To s a t i s f y  t h e  f i r s t - o r d e r  c o n d i t i o n  of  

t h e  p r o f i t  max imiza t ion  problem, t h e  i r o n  o r e  p r o d u c e r s  w i l l  have t o  e q u a t e  

m a r g i n a l  r e v e n u e  w i t h  m a r g i n a l  c o s t .  The s o l u t i o n  of t h i s  problem (which i s  

I /  The l o g i c  t h a t  a p p l i e s  i n  t h e  d e t e r m i n a t i o n  of i r o n  o r e  p r i c e s  between - 
Brazil and C o n t i n e n t a l  Europe may b e  a l s o  a p p l i e d  t o  o t h e r  i r o n  o r e  
c o n t r a c t u a l  n e g o t i a t i o n s ,  such a s  n e g o t i a t i o n s  between B r a z i l  and J a p a n ,  
A u s t r a l i a  and Japan, e t c .  



that of a discriminating monopolist) will provide a price and a quantity for 

each market that will maximize iron ore ~roducers' profite. 

The pre-negotiation preparation by Continental Europe's steel mills 

is assumed to be similar to that of Brazil. It involves estimating the price 

a n d  qsantity of iron ore that will minimize their cost of production or that 

will maximize their profits from operating the mills. The steel producers knov 

well their productioll and cost functions. The first order condition of the 

profit maximization problem involves equating marginal revenue with respect to 

iron ore with the marginal cost. The solution of this pr~blem (which is that 

of a discriminating monopsonist) vill provide a price and quantity of iron ore 

for each market that maximizes the profits of the steel producers. 

Both participants in the negotiations know that their desired price 

and quantity maximize their own profit but not the profit of the otk.zr party. 

During the negotiations they will apply their bargaining power in order to 

achieve an outcome (i.e., a set of price and quantity) as favorable au 

possible to their operations. The participants agree first on the quantity to 

be traded. Usually the allotment is greater than the actual traded quantity. 

The agreed quantity is not binding on either party. The existence of a spot 

market makes the quantities of iron ore competitively determined. Moreover, 

the competitive determination of the output results from the theory of 

bilateral amnopoly and the analysis of the collusion and bargaining process of 

negotiating parties. 11 Under this theory, the participants first negotiate a 

11 The analysis here follows that of J. Henderson and R. Quandt, - 
Hicroeconomic Theory, McGraw Hill, New York, 1971, pp 244-249. The same 
notation is used here as in Henderson and Quandt. 



q u a n t i t y  t h a r  maximizer t h e i r  j o i n t  p r o f i t  and t h e y  d e t e r m i n e  a p r i c e  that 

d i s t r i b u t e s  t h e i r  j o i n t  p r o f i t  among them. 

The buyer  (i.e., t h e  s t e e l  producer)  uses q2  ( i  . e m ,  i r o n  o r e )  .a ur 

i n p u t  t o  produce q l  ( i . e . ,  s t e e l )  a c c o r d i n g  t o  h i s  p r o d u c t i o n  f u n c t i o n  

qi=h(q2). He s e l l s  t h e  a t e e l  q1 a t  the  f i x e d  p r i c e  p l .  The s e l l e r  (i..., th. 

i r o n  o r e  p r o d u c e r )  u a e s  a r i n g l e  i n p u t  x f o r  t h e  p roduc t ion  of q2. Ha buy# 8 

a t  t h e  f i x e d  p r i c e  r.  Ye asaume t h a t  h i s  p r o d u c t i o n  f u n c t i o n  can be e r p r e # # . d  

i n  i n v e r s e  form as x = 8 ( q 2 ) .  

The j o i n t  p r o f i t  of t h e  buyer  and r e l l e r  t h e n  would be: 

h e r e  r = j o i n t  p r o f i t  

xb = p r o f i t  of  buyer  ( s t e e l  p r o d u c e r )  

t = p r o f i t  o f  re l ler  ( i r o n  o r e  p r o d u c e r )  
8 

a e t t i n g  dw/dq2 e q u a l  t o  z e r o  

and 



J o i n t  p r o f i t  i s  v x i n i z e d  a t  a n  ou tpu t  a t  which t h e  va lue  of t h e  

b u y e r ' s  marg ina l  product  e q w l r  t h e  s e l l e r ' s  marginal  coa t .  This  i r  t h e  aamc 

s o l u t i o n  as  t3e c o n p e t i t i v e  s o l u t i o n ,  i .e . ,  a8 i f  both buyers  and r e l l e r s  were 

p r i c e  t a k e r s .  l h u r  ue  nay conclude t h a t  t h e  o p t i a r l  barga in ing  ou tpu t  l e v e l  i r  

* 
the same a s  t h e  compe t i t i ve  ou tpu t  l e v e l  of  q 'Ihe barga in ing  r o l u t i o n  of the 2 '  

b i l a t e r a l  monopoly d w r  n o t  l e ad ,  however, t o  t h e  compe t i t i ve  p r i c e .  

Ar noted e a r l i e r ,  f o r  t h e  p r e sc r i bed  i r o n  o r e  rupply  ( q  ) t h e  i r o n  2 

o r e  producer  d e r i r e r  a r  h i @  r p r i c e  a8  p o s r i b l e  and t h e  buyar d r r i r e r  a r  low 

a p r i c e  a r  p o r r i b l e .  Thua, i f  th. upper l i d t  o f  t h e  p r i c e  i r  t h e  p r i c e  t h a t  

would f o r c e  t h e  r t e e l  p roducer ' r  p r o f i t  t o  u r o  and t h e  l o v e r  l i m i t  is  t h e  

p r i c e  t h a t  vould f o r c e  t b e  i r o n  o r e  p roducer ' r  p r o f i t  t o  z e r o  we would have: 

S ince  r n e g a t i v e  p r o f i t  vould force one o f  t h e  partier t o  d i s c o n t i n u e  

o p e r a t i o n r ,  t b t  p r i c e  cannot  k s e t  beyond t h e r e  l i m i t 8  i f  t h e  o p e r a t i o n r  of 

t h e  buyer  o r  t h e  r e l l r r  a r e  n o t  r u p p o t t d  o t k m t i r e .  An a l t e r n a t i v e  i r  t o  
I 

assume t h a t  t h e  r t e e l  producer  can do no wr r r  than  t h e  monopoly s o l u t i o n ,  and 

t h a t  t h e  i r o n  o r e  producar can do no worse thoa  t h e  mnoprony  ~ o l u t i o n  i.e., 

s o l v i n g  each i n e q u a l i t y  f o r  p2 



* -k * 
I f  m g g  ( ~ r o f i t  of t h e  buyer h e n  q2 i s  uned) and m S g  ( p r o f i t  of t h e  

* 
s e l l e r  when q 2  i s  produced) a r e  positive then ( 3 )  provides  a  na r rovc r  range 

f o r  ba rga in ing  than ( 2 ) .  I n  e i t h e r  case t h e  de te rmina t ion  of a s p e c i f i c  p r i c e  

w i t h i n  t h e  ba rga in ing  l i m i t s  w i l l  depend upon t h e  r e l a t i v e  barga in ing  p o w r  of 

t h e  i r o n  o r e  s u p p l i e r  and t h e  s t e e l  consumer. Wash, Shapley and p a r t i c u l a r l y  

t l a r sanyi  1/ (who g e n e r a l i z e s  t h e  S b p l e y  approach t o  an  n-person game wi thout  

t r a n s f e r a b l e  u t i l i t y )  d e r i v e  equ i l i b r i um s o l u t i o n s  t h a t  a r e  f u n c t i o n s  of  t h e  

f i x e d  p o i n t  ( i o t a ,  h e r e  t h e  two ranges) ,  t h e  s e t  of weights  and s t r a t e g i e s  and 

t h e  a s s o c i a t e d  payoffs .  A s i m i l a r  approach is used h e r e  t o  d e t e r n i n e  i r o n  o r e  

p r i c e r  w i t h i n  t h e  h r g a i n i c g  limits ( 2 )  o r  ( 3 )  and t h e  de r i ved  p r i c e s  from t h e  

s o l u t i o n  of t h e  p r o b l w  of d i ac r im ina t  ing monopolist  and o f  d i s c r i m i n a t i n g  

We a l l o w  t h e  two t 'pliyera",  i.e., t h e  buyer and t h e  s e l l e r  of i r o n  

o r e  t o  s e l e c t  t h e i r  r t r a t e g i e s  on a  p r o b a b i l i s t i c  b a s i s  and we l e t  r i  . .. , rrn 

be t h e  p r o b a b i l i t i e s  with which t h e  r e l l e r  w i l l  employ each of h i s  m 

s t r a t e g i e s  where 0 5 ri51 ( i -1 ,  . ..m) and r i  = 1. The buyer can randomize 
ill 

hi. s t r a t e p y  s e l e c t i o n  of a s s i g n i n g  t h e  p r o b a b i l i t i e s  s j ,  ..., s, t o  h i s  
n  

s t r a t e g i e s ,  where 0 5 s 1 1 ,  .. l d a  1. t W  player8  a r e  
j j.1 j 

t h en  concerned w i th  expec ted  r e t u r n s .  The r e t u r n  t o  t h e  s e l l e r  w i l l  be equa l  

11 See  J O Y .  Friedman, 1999, Oligopoly and t h e  Theory of Games, North Holland, - 
Amsterdam, 

2 1  I t .  may k s h a m  t h a t  i n  -s t  c a s e s  ( 2 )  o r  ( 3 )  provide a narrower range  - 
t h an  that provided from t h e  s o l u t i ~ n  of t h e  problem of the d i s c r i m i n a t i n g  
monopolis t  o r  monopaoniat. 



t o  t h e  sum o f  t h e  p o s s i b l e  outcomes where each  outcome i s  muLtipLied by t h e  

p r o b a b i l i t y  of  i t s  o c c b r r e n c e .  I f  t h e  buy r employs h i s  j t h  s t r a t e g y  w i t h  a 

p r o b a b i l i t y  of one a n d  t h e  s e l l e r  s e l e c t s  t h e  p r o b a b i l i t i e s  r l ,  ... , r,, t h e  

s e l l e r ' s  expec ted  r e t u r n  i s  a i ~  r i  
(where a i ,  i s  t h e  s e l l e r ' s  r e t u r n  i f  

i s 1  
t h e  s e l l e r  employs h i s  ::h s t r a t e g y  ~ n d  t h e  buyer  employs his j t h  s t r a t e g y ) .  

The d e c i s i o n  problem cf each p l a y e r  is  t o  s e l e c t  an o p t i m a l  a e r  cf 

p r o b a b i l i t i e s .  The s e l t e r  f e a r s  t h a t  t h e  buyer  v i l l  d i s c o v e r  h i s  s t r a t e g y  and  

t h a t  t h e  buyer  w i l l  s e l e c t  a s t r a t e g y  of h i s  own t h a t  w i l l  maximize h i s  

e x p e c t e d  outcome, i . e . ,  minimize  t h e  e x p e c t e d  r e t u r n  of the s e l l e r .  The buyer  

ha8 s i m i l a r  f e a r s  abou t  t h e  s e l l e r .  

The p r o b a b i l i t i e s  v h i c h  t h e  two p l a y e r s  employ a r e  d e f i n e d  a s  o p t i m a l  

i f  

and 

where  V i s  t h e  v a l u e  of t h e  t r a d e  between t h e  s e l l e r  and t h e  buyer  ( i  .e., t h e  

e x p o r t  e a r n i n g s  o f  B r a z i l  from t r a d e  w i t h  t h e  EEC) .  The f i r s t  r e l a t i o n  s t a t e s  

t h a t  t h e  sel ler 's  e x p e c t e d  r e t u r n  is  a t  l e a s t  a s  g r e a t  a s  V i f  t h e  buyer  

employs any of his p u r e  s t r a t e g i e s  v i t h  a p r o b a b i l i t y  of one. The second 

r e l a t i o n  s t a t e s  t h e  buyer's expec ted  l o s s  is a t  l e a s t  as s m a l l  a s  V i f  t h e  

sel ler  employs  any o f  h i s  pure  s t r a t e g i e s  w i t h  a p r o b a b i l i t y  of one.  A 

fundamenta l  theorem of game t h e o r y  s t a t e r  t h a t  a  s o l u t i o n  a lways  e x i e t s  and 



t h a t  V i s  un ique .  1 1  I f  bo th  " p l a y e r r "  s e l e c t  t h e i r  s t r a t e g i e s  on  a - 

p r o b a b i l i s t i c  b a s i s ,  t h e  s e l l e r ' s  e x p e c t e d  n e t  r e t u r n  El and t h e  b u y e r ' s  

e x p e c t e d  n e t  o u t l a y  E2 can be shorn t o  be 

which p roves  t h a t  

R e g a r d l e s s  of  t h e  o t h e r  " p l a y e r ' s w  c h o i c e ,  i f  t h e  buyer  O F  t h e  u e l l e r  

employs h i s  o p t i m a l  p r o b a b i l i t i e s ,   hi:^ expec ted  o u t l a y  and r e t u r n  w i l l  n o t  be 

l e s s  o r  g r e a t e r  t h a n  V ,  r e s p e c t i v e l y .  I n  the f o l l o w i n g  c h a p t e r  w e  w i l l  uue  

r e l a t i o n  ( 4 )  t o  e s t i m a t e  f u t u r e  expec ted  r e t u r n s .  A number o f  u i t n p l i f y i n g  

a s s u m p t i o n s  r e g a r d i n g  t h e  in te r t empor . s l  f c rm o f  t h e  two p l a y e r s '  p r o b a b i l i t y  

d e n s i t i e s  and t h e i r  i n t e r r e l a t i o n s h i p  w i l l  make t h e  e s t i m a t i o n  o f  e x p e c t e d  

r e t u r n s  and t h e  i r o n  o r e  r e f e r e n c e  p r i c e  p o s s i b l e .  

111.2 Node1 Linbger  

F i g u r e  1 and T a b l e  8 p r e s e n t  t h e  f l o w c h a r t  and t h e  s t r u c t u r e  o f  t h e  

i r o n  o r e  model,  r e s p e c t i v e l y .  The i r o n  ore  p r i c e  ( B r a z i l i a n  s i n t e r  f i n e s  65% 

Fe CIF  otterd dam) i s  t h e  outcome of b a r g a i n i n g  between Brazili&-8 and European 

r e p r e s e n t a t i v e s .  Each p a r t i c i p a n t  d e s i r e s  d i f f e r e n t  p r i c e s  (P1 and P2). These  

11 See ,  i n t e r  a l i a ,  J. R o s e m u l l e r ,  1981, The Theory of  Games and Xarkets, - 
N o r t h  Hol land ,  AMterdam. 





C o n s u a p e  ion 

C i  = f2i(~*i' Pli' eaci P s i ,  Pn i )  

Prices 

P1- EH 

if  P1>PJ and P2<P4 then 

cont h u e d .  . . 



I 

l o g  P = a - 2 Log (P3-P4) + B l o g  S Iq* 

i f  P 3  2 P1 and P4 5 P2 then 

I t  

l o g  P n  y - 2 l o g  (P1 - P2) + 6 log  S /Qg 

i r o n  o r e  nominal o r  e f f e c t i v e  c a p a c i t y  f o r  coun t ry  i 

i r o n  o r e  ou tpu t  f o r  count ry  i 

B r a z i l i a n  i r o n  o r e  ou tpu t  

c rude  s t e e l  ou tpu t  f o r  coun t ry  i 

c rude  s t e e l  ou tpu t  f o r  EEC 

i r o n  o r e  r e f e r e n c e  p r i c e  . 

expo r t  i r o n  o r e  p r i c e  f o r  coun t ry  i 

import i r o n  o r e  p r i c e  f o r  coun t ry  i 

r e n t a l  p r i c e  of c a p i t a l  i n  i r o n  o r e  o p e r a t i o n s  i n  coun t ry  i 

petroleum p r i c e  i n  i r o n  o r e  o p e r a t i o n s  i n  coun t ry  i 

GDP d e f l a t o r  of count ry  i 

p r i c e s  of o t h e r  t han  i r o n  or+ and s c r a p  p r i c e r  i n  t h e  steel 

product  i o n  process  

i r o n  ore apparen t  consumption f o r  coun t ry  i 

continued... 



CE = i r o n  o r e  apparent  consumption f o r  EEC 

PSCi = p r i c e  of  s c r a p  i n  c o u n t r y  i 

'i = e l p o r t s  of i r o n  cre  i n  c o u n t r y  i  

'i = i m p o r t s  o f  i r o n  ore  i n  c o u n t r y  i 

' 13 = e x p o r t s  o f  B r e t i l i a n  i r o n  o r e  

' E = i m p o r t s  of  i r o n  o r e  o f  EEC c o u n t r i e s  

Ps = a v e r a g e  w h o l e s a l e  s t e e l  p r i c e s  i n  EEC 

P1 = " d e s i r e d"  i r o n  o r e  p r i c e  o f  B r a z i l i a n  i r o n  o r e  p roducers  ( r o l u t i o n  

o f  d i  s c r i m i n a t i n g  monopol i s t  problem) 

P2 = " d e s i r e d"  i r o n  o r  p r i c e  o f  EEC s t e e l  mills ( s o l u t i o n  of 

d i s c r i m i n a t i n g  monopronis t  problem) 

P3 = i r o n  o r e  p r i c e  t h a t  w i l l  n o t  pu t  (ma jo r )  i r o n  o r e  p roducers  o u t  o f  

b u s i n e s s  % 

P4 = i r o n  o r e  p r i c e  t h a t  w i l l  n o t  pu t  C o n t i n e n t a l  Europe's  s t e e l  mills 

o u t  o f  b u s i n e s s  

OC = c o s t s  o f  s t e e l  p r o d u c t i o n  o t h e r  t h a n  i r o n  o r e  i n  C o n t i n q n ~ 5 1  Europe 

a , f l , y , b , ~ ' , ~ "  = p a r a m e t e r s  r e l a t e d  t o  p r i c e  f o r m a t i o n  

E,H,A = p a r a m e t e r s  r e l a t e d  t o  marg ina l  revenue and marg ina l  c o s t  of  

B r a z i l i a n  i r o n  ore p roducer  

N ,  L = p a r a m e t e r s  r e l a t e d  t c  marg ina l  p roduc t  and m a r g i n a l  c o s t  o f  EEC 

steel mills 

Z b i ,  Z7i= exogenous  variables 

ei 
= exchange  r a t e  of t h e  c u r r e n c y  of  c o u n t r y  i with r e s p e c t  t o  t h e  US$. 



two d e s i r e d  p r i c e s  a f f e c t  t h e  outcome of t h e  n e g o t i a t i o n s .  The agreed  s i n t e r  

f i n e s  p r i c e  ( P I  becomes t h e  benchmark f o r  a d j u s t i n g  o t h e r  i r o n  o r 2  p r i c e s .  

Expor t  and import  i r o n  o r e  p r i c e s  P ,  P,) a l s o  r e f l e c t  changes  i n  t h e  

r e f e r e n c e  p r i c e .  Expor t  p r i c e s  i n  l o c a l  c u r r e n c y  s e r v e  a s  p r o x i e r  f o r  p roducer  

p r i c e s .  

The p r o d u c t i o n  o f  i r o n  o r e  (Q), c o n s t r a i n e d  by e f f e c t i v e  c a p a c i t y ,  

depends  on t h e  v h o l e  g roup  o f  u n i t  f a c t o r  c o s t s  and on t h e  p r i c e  of  o u t p u t .  

The " p r i c e- t a k e r"  c h a r a c t e r i s t i c  o f  t h e  e x p o r t e r  ( a s  f a r  a s  q u a n t i t i e s  a r e  

c o n c e r n e d ) ,  i s  r e f l e c t e d  i n  t h e  ad jus tmen t  of  e x p o r t r  t o  p r o d u c t i o n .  The 

f u n c t i o n  of a p p a r e n t  consumption of i r o n  o r e  (C) ,  r e f : e c t i n g  t h e  p r o f i t  

max imiza t ion  p r o c e s s  of  t h e  s t e e l  producer ,  is  a  f u n c t i o n  of r t e e l  o u t p u t ,  

i r o n  o r e  p r i c e  and t h e  p r i c e  of s u b s t i t u t e s  such a 1  s c r a p .  Impor t s  a r e  

d e t e r m i n e d  by consumption ( a f t e r  a d j u s t i n g  f o r  d o m e s t i c  p r o d u c t i o n  and 

e x p o r t s ,  i f  any) .  The e x p o r t s  of B r a z i l  t o  t h e  EEC (by d e f i n i t i o n  e q u a l  t o  t h e  

i m p o r t s  o f  EEC from B r a z i l )  a r e  i n f l u e n c e d  by n o t  o n l y  t h e  t r a d e  p a t t e r n s  of  

Brazil  and t h e  EEC b u t  a l s o  by t h e  e x p e c t e d  demand and s u p p l y  of i r o n  o r e  i n  

t h e  p a r t i c u l a r  y e a r .  B r a z i l i a n  e x p o r t s  t o  t h e  EEC a f f e c t  B r a z i l i a n  i r o n  o r e  

r e v e n u e s  and c o a t s  and EEC s t e e l  p r o d u c t i o n  c o s t s .  The e q u a l i t y  between i r o n  

o r e  p r o d u c e r s *  m a r g i n a l  c o s t  and marg ina l  revenue d e t e r m i n e r  t h e  " des i red"  

B r a z i l i a n  i r o n  o r e  p r i c e  ( P I )  and t h e  e q u a l i t y  between steel p r o d u c e r ' s  

m a r g i n a l  r evenue  o f  a d d i t i o n a l  u n i t e  of i r o n  o r e  and t h e i r  marg ina l  c o s t  

d e t e r m i n e s  C o n t i n e n t a l  Europe 's  " des i red"  i r o n  o r e  p r i c e  (PZ). The n e g o t i a t e d  

i r o n  o r e  p r i c e  (P) i s  de te rmined  w i t h i n  t h e  boundary p r i c e s ,  P1 and P2. The 

p r i c e  (P) s a t i s f i e s  a l s o  t h e  c o n s t r a i n t  t h a t  none of  t h e  major  i r o n  o r e  



producers nor Continental  &mop8 s t e e l  producerr w i l l  go out o f  b u s i n e s s ,  

Lee., P4 5 P 5 Pj. With t h e  except ion  of Braz i l  m d  the  neven EEC c o u n t r i e s ,  

a l l  other c o u n t r i e s  a r e  treated  i n  t h e  same way. Each country has  i t s  own 

p o t e n t i a l  output ,  a c t u a l  output, e x p o r t # ,  imports,  apparent consumption and 

price  f u n c t i o n s .  The model recognizer 30 c o u n t r i e s  and r e g i o n s .  



IV.1 Iron Ore Produc t  i o n  

A c t u a l  o u t p u t  f o r  each c o u n t r y  i s  d e r i v e d  th rough  p r o f i t  

m x i m i z a t i o n  o f  t h e  i r o n  o r e  p roducer  s u b j e c t  t o  h i s  p r o d u c t i o n  f u n c t i o n .  Prom 

t h e  t h e o r y  of t h e  f i r m  we have: 

r e a l  f a c t o r  c o s t  ( i t h  f a c t o r )  = mdrginal  p r o d u c t i v i t y  ( i t h  f a c t o r )  

o u t p u t  = f ( e  f a c t o r  i n p u t s )  

where 

'i = f a c t o r  c o s t  i 

P = p r o d u c e r  p r i c e  of i r o n  o r e  

hi = i n p u t i  

Q = i r o n  o r e  o u t p u t  

From ( 1 )  we have 11 

C and a f t e r  a u b a t i t u t i o n  o f  e a c h  of t h e  xi f u n c t i o n s  i n t o  t h e  p r o d u c t i o n  

f u n c t i o n  we g e t  

1/ The m a r g i n a l  p r o d u c i i v i t y  f u n c t i o n s  are assumed i n v e r r a b l e .  - 



Q = £ ( ~ X  - - - Q I  
' P ' * * * '  p ; P  

Pk p c r  g d ~  

where 

Pk = r e n t a l  c o s t  of  c a p i t a l  

' p t r  = pe t ro leum p r i c e  

P 8 d ~  
= C 3 P  d e f l a t o r  

Px = producer  p r i c e  of i r o n  o r e  i n  domes t i c  c u r r e n c y  

QP 
= p o t e n t i a l  i r o n  o r e  o u t p u t  

T h i s  i s  t h e  s u p p l y  f u n c t i o n  of i r o n  o r e .  I t  depends  on t h e  v h o l e  g roup  o f  u n i t  

f a c t o r  c o s t s  and t h e  p r i c e  of o u t p u t ,  a l t h o u g h  i t  i s  c u s t o m a r i l y  d r a m  a s  a 

f u n c t i o n  o f  o u t p u t  p r i c e  a l o n e .  

As i r o n  o r e  p roducer  p r i c e s  a r e  n o t  a v a i l a b l e ,  t h e y  a r e  r e p l a c e d  h e r e  

by t h e  r e l e v a n t  e x p o r t  u n i t  v a l u e s  i n  dorner t ic  c u r r e n c y ,  F a c t o r  u n i t  c o s t s  a r e  

a l s o  n o t  a lways  a v a i l a b l e .  P r o x i e s  have been t h u s  used.  For  example,  t h e  

r e n t a l  p r i c e  of  c a p i t a l  (Pk) h a s  been r e p l a c e d  by a  proxy e s t i l u t e d  by t h e  

f o l l o w i n g  fo rmula  

X + m  Pk = P I B  - 1 - I x  

o h e r e  

P I B  = i n v e s t m e n t  d e f l a t o r  ( n a t i o n a l  a c c o u n t s )  

X d e p r e c i a t i o n  r a t e  

m = c o o t  of c a p i t a l  

TX = d i r e c t  c o r p o r a t e  t a x  r a t e  ( h e r e  r e l e v a n t ) ,  



I n  t h e  absence of  an  organ ized  aurket f o r  c a p i t a l  s e r v i c e s  t h e  above 

formula  i s  an a t tempt  t o  approximate t h e  i m p l i c i t  c o a t  per time pe r i od  of 

owning and o p e r a t i n g  c a p i t a l  equipment. I n  o r d e r  t o  o f f s e t  t h e  l a c k  of 

domes t ic  savings,  Coverrunentr o b t a i n  c r e d i t  from e x t e r n a l  sou rce s ,  o r  p rov ide  

g u a r a n t e e s  f o r  p r i v a t e  s e c t o r  borrowing abroad.  I n  a d d i t  i on ,  they  encourage 

f o r e i g n  a i r e c t  investment .  There funds a r e  channeled t o  t h e  investment  

p r o j e c t .  Of ten  t h e  e x t e r n a l  component is a  u j o r  p a r t  of t h e  f i nance  of t h e s e  

p r o j e c t s .  Under t h e s e  c i rcumrtancea ,  t h r  c o s t  of f o r e i g n  c a p i t a l  (m) could  be 

a very  r e l e v a n t  mearure of t h e  o v e r a l l  coo t  of c a p i t a l  i n  deve lop ing  

c o u n t r i e s .  The US t r e a s u r y  bond r a t e  f o r  t h r e e  months i r  u red  h e r e  am t h e  

i n t e r e s t  r a t e  on e x t e r n a l  f i ~ n c i n g .  I/ 

S i m i l a r l y ,  t h e  ve igh t ed  average OPEC p r i c e  f o r  c rude  o i l  (Pptr)  i s  

used a s  a  proxy f o r  energy  c o s t s  i n  t h e  produc t ion  procear .  Energy c o s t s  a r e  

p a r t i c u l a r l y  impor tan t  when t h e  count ry  i n  q u r a t i o n  producer m s t l y  p c l l e t r .  

Other  p rox i e s  t h a t  a r e  used t o  r e f l e c t  f a c t o r  u n i t  c o r t s  of  produc- 

t i o n  a r e  t h e  g r o s s  domes t ic  product  d e f l a t o r  o r  tbt c o n r m r  p r i c e  index of 
. s * s .  

t h e  c o u n t r y  i n  ques t i on .  I n  o r d e r  t o  r e f l e c t  t e chno log i ca l  changer  o r  changer  

i n  t h e  q u a l i t y  of t h e  i r o n  o r e  mined a s  well a s  t b t  r e l a t i r e  d e p l e t i o n  of t h e  

mine, a v a r i a b l e  approximating a t r end ,  much a s  t h e  e f f e c t i v e  c a p a c i t y ;  h a s  

been i n t roduced  i n  t h e  produc t ion  equa t ion .  A# supply  u y  no t  respond 
I 

immediately t o  changes i n  c u r r e n t  f a c t o r  u n i t  c o s t r  . a d  c u r r e n t  i r o n  o r e  

p r i c e s ,  a  Koyck-Nerlove t r an s fo rma t ion  and o t h e r  l a g  d i s t r i b u t i o n s  have been 

cons ide r ed .  The supply  e l a s t . i c i t i e s  cor responding  t o  t h e  d i f f e r e n t  f a c t o r  u n i t  

c o s t s  a r e  p r e sen t ed  i n  Table  9. 

1 /  A p o a a i b l e  a l t e r n a t i v e  c o s t  measure, t h e  i a p l i c i t  r a t e  from t h e  balance- - 
of-payments i n t e r e s t  payments on m e d i u r  and long-term d e b t ,  i r  n o t  u r ed ,  
a s  i t  i s  d i f f i c u l t  t o  s e p a r a t e  deb t  r e r chedu l i ng  and unrepor ted  c a p i t a l  
t r a n s a c t  ions .  



Tab le  9: ELASTICITIES Of I W  &If S W L Y  

IHXPEMXNT VARIABLES /A 
--------------*------ 

COUNTRY PIPptr (-1 f'.e/P 
P / P g d ~  

P 
9dP p n ,  p*  PpA  P( -1)  o n p ( - 1 )  ____--___------------------------------------------------------------------------------------------------ 

CANADA 0.23 0.49 
UN l TED STATES 0.04 
GERMANY, FED. R£P. 
F RANG 0.05 
BELGlW /C 0.\3 

SWEOEN 0.18 
UNITED K I W  /C 0.10 
SPA l N 0.27 
AUSTRAL l A 0.55 
SOUTH AFRICAN E P .  0.45 

ALGERIA /C 
L I s E R l  A 
EGYPT /C 
MAURITANIA 
INDIA 

YUGOSLAVIA /C 
TURKEY /C 
B F W I L  
CHILE 
MEXICO 

PERU 0 -04 
VENEZUELA 
USSR 
~CHOSLOVAKIA  /C 
CHINA 

ITALY /C 
K a A  /C 

/A Pk : FZENTALCOSTO): W l T A L  I N E M S T I C M H C T ,  
P : IRON OfE  €)[PORT UNIT VALUE. 

O I L  PRICE I N  DOWESTlC CW?ENCY. 'p t r  
P GFEDSS DCXSTIC OEFLATOR OR COC13lJNR P R I E  IMIEX.  
o s d ~  ' 

: ACTUAL OUTPUT ff I RON &?E . 
e : EXCHANGE RATE. 

/8 M ELASTICITY ff Qp OR O f  Q + Q ( - 0  COULD BE (SEATER THAN ONE; TkE UEYT A L N T  W 
fEODVERA9LE O f E  MAY IlPROVE WIT#  TI*. THE MTA fEFLECT M HISTORICAL PERIOO: 19661984. 

/C NOT ICQORTAM'T PFMaXLR. M T A  MAY LEAD TO MISSPECIF ICATIW, 



The e l a s t i c i t y  of p o t e n t i a l  o u ~ p u t  v a r i e s  between 0.5 and 2.2. Most 

o f t e n  i t  i s  c l o s e  t o  1. E l a s t i c i t i e s  abo;e 1 i n d i c a t e  c a p a c i t y  i nc r eaee s  wi th  

h i g h e r  metal con ten t  than i n  t h e  p a s t .  Technological  developments and 

i n c r e a s e d  product ion o f  p e l l e t s  n igh t  a! 5 0  cause t h e  e l a s t i c i t y  of p o t e n t i a l  

ou tpu t  t o  be  h i g h e r  t h a n  one  i n  t h e  h i s t o r i c a l  per iod.  Actual ou tpu t  has  been 

c o n s t r a i n e d  t o  t ake  va lues  e q ~ a l  Lo p o t e n t i a l  output  vhenever Q 2 Qp. 

P o t e n t i a l  ou tpu t  i s  exogenously determined.  I/ P r i c e  e l n s t i c i t i e n  vary  

s u b s t a n t i a l l y  among c o u n t r i e s .  The r a t i o  of i r on  o r e  expor t  u n i t  va lue  t o  a 

g e n e r a l  domest ic  i n d i c a t o r  of the  cos t  o f  i npu t s  i n  t h e  i r o n  o r e  p roduc t ion  

p roce s s  ( such  a s  t h e  CDP d e f l a t o r  o r  t h e  consumer p r i c e  index)  i n  US d o l l a r s  

o r  i n  domest ic  cu r r ency  has  been used most o f  t h e  time. The e l a s t i c i t y  of 

(PIPgdp)  v a r i e s  betveen 0.05 and 0.28 and t h e  e l a s t i c i t y  of (P.e/pgdp)  v a r i e s  

between 0.11 and 0.55. With t he  except ion  of  Canada, t h e  e l a s t i c i t y  of 

(P IPp t r )  ranges  between 0.04 and 0.13. The e l a s t i c i t y  f o r  Canada is  0.23. The 

r e n t a l  c o s t  of c a p i t a l  (Pk)  was s i g n i f i c a n t  s t a t i s r i c a l l y  i n  f ou r  c o u n t r i e s .  

The e l a s t i c i t y  of (PIPk)  o r  (Pk) was l e s s  than 0.23% i n  a l l  f o u r  c a se s .  

O v e r a l l ,  a 1% i n c r e a s e  i n  t h e  i r on  o r e  expor t  u n i t  value i n c r e a s e s  i r o n  o r e  

s u p p l i e s  between 0.04% and 0.822, In  15 out  of 20 c a s e s ,  however, i r o n  o r e  

ou tpu t  i n c r e a s e s  by l e s s  than  0.32. In  seven c o u n t r i e s ,  most ly  small  o r  

11 P o t e n t i a l  o r  e f f e c t i v e  capac i t y  has been c a l c u l a t e d  based on peak - 
p roduc t i on  volumes on a  country-by- country b a s i s  f o r  t h e  1960-84 per iod .  
The r a t i o  of  e f f e c t i v e  t o  nominal c a p a c i t y  i s  c a l c u l a t e d  based on nominal 
and e f f e c t i v e  c a p a c i t y  f i g u r e r  f o r  t h e  yea r s  1980 t o  1984. The mean of 
t h i s  r a t i o  i s  used t o  e s t ima t e  f u t u r e  e f f e c t i v e  c a p a c i t y  g iven  engineering 
e s t i m a t e s  on fu t . l re  nominal c apac i t y .  



c e n t r a l l y  p l a n n e d  economies ,  p r o d u c e r  p r i c e  c h a n g e s  were  n o t  found  t o  have any 

impac t  on  i r o n  o r e  s u p 7 l i e s .  :/ 

I V . 2  A p p a r e n t  Consumpt ion  

I r o n  o r e  i s  an i n p u t  i n  t h e  s t e e l  p r o d u c t i o n  p r o c e s s .  The demand f o r  

i r o n  o r e  i s  d e t e r m i n e d  t h r o u g h  e i t h e r  t h e  p r o f i t  m a x i m i z a t i o n  p r o c e s s  o r  t h e  

c o s t  m i n i m i z a t i o n  p r o c e s s  o f  t h e  s t e e l  p r o d u c e r .  The two methods  p r o d u c e  

s imi  l a r  demand- fo r - inpu t  f u n c t i o n s .  

P r o f i :  Max imiza t ion  

nv lX  n R(q19 * * *  9,) - EVkwk 

as  l o n g  as t h e  s e t  o f  i n p u t s  V and  

o u t p u t s  Q i s  a p r o d u c a b l e  c o m b i n a t i o n  

vhere: 

C o s t  m i n i m i z a t i o n  

min TVkUt 

s u b j e c t  t o  

q: = Q ( V )  

= p r i c e  o f  i n p u t  k ( i r o n  o r e  i s  o n e  o f  t h e r e  i n p u t s )  

= q u a n t i t y  o f  i n p u t  k , i , j ,  r e s p e c t i v e l y  

= o u t p u t s  1, ..., n ,  s ,  r e s p e c t i v e l y  ( t h e r e  

a r e  t h e  s t e e l  p r o d u c t s )  

= s e t  ~f q1 t o  qn 

= r e v e n u e  o f  s tee l  p r o d u c e r  

= p r o f i t  o f  s t e e l  p r o d u c e r  

11 Annex I1 l i s t s  a l l  e q u a t i o n s  o f  t h i s  model .  - 



P r o f i t  m a x i m i r s t i o n  end c o s t  m i n i m i z a t i o n  r e s u l t  i n  a  demand- for- iron or. 

f u n c t i o n  t h a t  depends  on t h e  p r i c e  of i r o n  o r e  and t h e  p r i c e  of o t h e r  i n p u t s .  

Under t h e  p r o f i t  maximizat ion method, t h e  demand f o r  i r o n  o r e  i r  a l s o  

f u n c t i o n  o f  r e v e n u e s ,  v h i l e  under  t h e  c o s t  min imiza t ion  method t h e  demand f o r  

i r o n  o r e  i s  a f u n c t i o n  o f  t h e  o u t p u t  produced. The two methodr a r e  e q u i v a l e n t ,  

however,  and r e r r u l t  i n  t h e  same f u n c t i o n a l  form i f  under  p r o f i t  maxirnizat ioa  

t h e  p r i c e s  o f  s t e e l  p r o d u c t s  a r e  arsumed t o  be exogenour ly  de te rmined  o r  

g i v e n .  The c o m o n  f u n c t i o n a l  form f o r  t h e s e  tw methods c o u l d  be t h e n  w r i t t e n  

a s  f o l l o w s :  

where 

C = a p p a r e n t  consumption o f  i r o n  o r e  

Qs = c r u d e  r t e e l  p r o d u c t i o n  

= i r o n  o r e  impor t  u n i t  d e f l a t o r  

P s c  s c r a p p r i c e  

P, = steel p r o d u c t  p r i c e s  

P~ 
= p r i c e s  o f  o t h e r  i n p u t s  i n  t h e  steel p r o d u c t i o n  p r o c e s s  

e = exchange r a t e  

Changer i n  i r o n  o re  p r i c c r  a r e  assumed h e r e  t o  have no impact  on t h e  u s e  of 

i n p u t s ,  other than r c r a p .  F u n c t i o n a l  form (7 )  h a r  been t h u s  chosen  f o r  

e s t i m a t i n g  t h e  a p p a r e n t  consumption e q u a t i o n s .  L c k  of r e l a t i v e l y  10% 

h i s t o r i c a l  d a t a  on steel p roduc t  p r i c e s  (on a country- by- country b a s i s )  i s  th 

main r e a s o n  f o r  choos ing  t h i s  more r e s t r i c t e d  f u n c t i o n a l  form. T a b l e  10 rhowa 



Table 10: E L A S T I C I T I E S  OF IRON O W  APPARENT CONSUHPTION 

IWDEFl?NDENT VARIABLES / A  ------------------------------------------ .------ 
COUNTRY Qs P, .e  Psc * e  C ( - 1 )  ____ _ _ _ _  _ -------- --------------------------------------------------------- 

CANADA 1 .01 -0.07 
UNITED STATES 0.77 -0 . 16 
CERXANY, FEDERAL REP. OF 0.91 -0.03 
FRANCE 0.37 -0.19 
BELGIUM 0.63 -0.17 

NETHERLANDS 
UNITED KIWCD(m 
S P A I N  
ITALY 
JAPAN 

A U S T M L I  A 
SOUTH AFRICA 
USSR 
CZECHOSLOVAKIA 
CHINA 

INDIA 1 .33 -0.31 /I: 0 ..I6 
KOREA, REPUBLIC OF 1.10 -0.64 0.18 0.29 
-------------CIIIIII-.-UII---.-------- 

I* Q, = CRUDE STEEL OUTPUT 
= IRON ORE 1-T WIT VALUE 8 * 

Pm 
= SCRAP P%XCE 

e = EXCHMCQ; W E  
C = IRON 088 APPAReYT COPSWPTION 

/B WITH ONE YEAR LAC. 
/C EXPORT BATHER TIlMl IMPORT W I T  VALUE W S  BEEN USED HERE. 

SOURCE: Amu 11. 



t h e  e l a s t i c i t i e s  of demand of  t h e  e s t ima t ed  equa t i ons .  1 /  The e l a s t i c i t y  wi th  - 
r e s p e c t  t o  c rude  s t e e l  ou tpu t  ranges between 0 . 3  and 1.36. Host t r a d i t i o n a l  

s t e e l  ~ r o d u c i n g  c o u n t r i e s ,  however, have an e l a s t i c i t y  c l o s e  t o  o r  below 1. 

O v e r a l l ,  a 1% i n c r e a s e  i n  s t e e l  product ion i s  not l i k e l y  t o  r e s u l t  i n  

n u b s t a n t i a l l y  h ighe r  i nc r ea se s  i n  i r on  o r e  demand c e t e r i s  par ibus .  The i r o n  

o r e  p r i c e  e l a s t i c i t y  ranges betveen 0 . 0 4  and 0.64 i n  a b s o l u t e  terms. With t h e  

e x c e p t i o n  of t h e  Republic of K o r e ~  .. ; . ~ d i a ,  a l l  p r i c e  e l a s t i c i t i e s  a r e  l tsrr  

than  0.02 in  a b s o l u t e  terms. Scra; * , e l a s t i c i t i e s  range between 0.03 and 

0.25.  S ~ t a p  competes with irr,.. o r e  In t h e  s e e l  p roduc t ion  procern. Th i s  

e x p l a i n s  t h e  d i f f e r e n c e  i n  s i gns .  The i r on  o r e  p r i c e  e l a s t i c i t y  f o r  t h e  

Republ ic  of Korea i s  s u r p r i s i n g l y  high.  The r e l a t i v e l y  h igh  dependence of t h e  

Republ ic  of  ~ o r e a ' s  s t e e l  product ion process  on s c r a p  r a t h e r  than  on i r o n  o r e  

( u n t i l  v e r y  r e c e n t l y )  may exp l a in  t h i s  h igh  e l a s t i c i t y .  

IV.3 Expor t s  and Imports 

Mort i r o n  o r e  producers  a r e  important  e x p o r t e r s  and most i r o n  o r e  

consumers a r e  o f t e n  important  impor te rs .  With a  few except ions  such a s  B r a z i l ,  

I n d i a  and ~veden , '  ' impor tan t  i r o n  o r e  e x p d r t e i s  a r e  no t  important  i ron o r e  

consumers. For t h a t  reason  :he fo l lowing  s e t  of i d e n t i t i e s  have been used on a  

c o u n t r y  by coun t ry  b a s i s  accord ing ly :  

f o r  i r o n  o r e  e x p o r t e r s  

1/ See Annex II f o r  a  l i s t  of a l l  apparen t  consumption equa t ions .  I t  is note-  - 
worthy t h a t  apparen t  consumption f i g u r e s  i nc lude  changer i n  titock. 
I n d u r t r y  e x p e r t s  e s t i m a t e  t h a t  f o r  most c o u n t r i e s  s t ocks  r e l a t i v e l y  t o  
i r o n  o r e  consumption do no t  change on an annual  ba s i s .  Stocks change on A 

r e a r o n a l  ba s in  only.  



a n d  f o r  iro.7 o r e  import<:rs 

where 

= I r o n  o r e  p r o d u c t i o n  

S = i r o n  o r e  a p p a r e n t  ronsamption 

!4 i r o n  o r e  i m p c r t s  ( t \ e  ;EL i n d i c a t - s  t h a t  t h e  

v a r i a b i e  i s  exogenous)  

X a i r o n  ore exports (t ,he bar i n d i c a t e s  t h a t  t h e  

v a r i a b l e  is exogenous ) 

lV .4  Prices 

A s  we saw i n  S e c t i ~ n  1 of Chap te r  111, t h e  expec ted  e a r n i n g s  o f  t h e  

i r o n  ore p r o d u c e r  may be e s t i m a t e d  t h r o u g h  ( 2 ) .  T h i s  e q u a t i o n  i n  g e n e r a l i z e d  

t h r ~ u g h  time a s  f o l l o w s :  

r A s  = V t  
t t t  

&ere 

r row of r i t  from p r o b a b i l i t y  d e n s i t y  f u n c t i o n  r V t  

O t  c o l u m  of Q:; Crom p r o b a b i l i t y  d e n s i t y  f c n c t i o n  5 V t  

At = m a t r i x  o f  45ijt :or Yt 

E q ~ t i o n  (8 )  may be e s t i m a t e d  i f  t h e  f o l l o w i n g  afe known: 

(a )  The p r c b a b i l i t y  d e n s i t y  f . m c t i o r . 3  r and 1; and 



(b) The outcomes of all the strategies, A. 

Unfortunately as negotiations are kept secret neither (a) nor (b) are 

k ~ o v n .  The following assumptions are made: 

First, and r are arsumed to be I. iform density functions 11 

o t  t h e  form: 

and 
for x <x<x 2 1 
elrevhere 

where XI, x2 are constants vith x2<x1 

Here x2 could be the unit value of Brazil-Continental Europe 

trade if priced a t  "desired" Continental Europe iron ore prices or at 

such prices that Continental Europe vill not get out of burinerr. 

Similarly, x1 could be the unit value of Brazil-Continental Europe t.r:de 

if priced at "desired" Brazilian iron ore prices or at such prir,,es that 

Brazil and the ocher major iron ore producers do not get ~ u t  of 

business. 

Second, \ is assumed to depend on past A'S. Equation (8) may 

be revritten as follwr: 

1/ Density functions of other forms could be used. The mathematical - 
simplicity of the uniform function makes it attractive here. 



vt = Pt Qt 

X l t  = Pit and 

X 2 t  = P2t  

t hen  (9) can be revritten as 

and i n  l oga r i t hmic  terms 

l o g  Pt Qt - l og  A - 2 l og  (Pit - PZt) o r  

l o g  Pt 108 A - 2 l og  (Pit - P 2 t )  - l o g  Qt 

The B r a z i l i a n  " desired"  s i n t e r  f i n e s  p r i c e  (P l r )  i s  de r i ved  f r m  

s e t t i n g  t h e  marg ina l  c o s t  equa l  t o  t h e  ewrgina l  revenue of  i r o n  o r e  

p roducers .  I /  I f  t h e  i r o n  o r e  producer  f a c e s  a  demand func t i on  wi th  

and the c o s t  f u n c t i o n  of t h e  i r o n  o r e  producer  i s  represen ted  by 

I /  ihe words " des i r ed  pr ice"  are used h e r e  t o  q u a n t i f y  t h e  outcome of  a - 
s t r a t e g y .  "Desired p r i c e s"  do  n o t  r e f e r  t o  a c t u a l  pri .ces.  They can  t a k e  
n e g a t i v e  va lues .  



where  

= t o t a l  e x p e c t e d  c o s t  f o r  p roduc ing  51.5 Pe u n i t s  and t r a n s p o r t i n g  

them t o  t h e  f i n a l  consumer 

Qe = i r o n  o r e  o u t p u t  

t h e n  f rom (1) and ( 2 ) ,  p r o f i t  maximizat ion and e x p e c t a t i o n s  f o r  o u t p u t  (of  t h e  

fo rm Qe= Q-l) ve  g e t :  

E q u a t i o n  (13) p r o v i d e s  an e s t i m a t e  o f  t h e  " des i red"  i r o n  o r e  p r i c e  

from t h e  B r a z i l i a n  p e r s p e c t i v e .  The c o s t  f u n c t i o n  h a s  been e s t i m a t e d  based on 

c r o s s - s e c t i o n a l  d a t a  c o l l e c t e d  from t h e  US Bureau of Hines .  I n  t h e i r  s t u d y ,  

B r a z i l  and A u s t r a l i a  w i t h  so- A f r i c a n  c o u n t r i e s  o t h e r  t h a n  L i b e r i a ,  have  been 

found less c o s t l y  t h a n  Venezuela ,  I n d i a ,  L i b e r i a  and t h e  Uni ted S t a t e s .  The 

c r o s s- s e c t i o n a l  d a t a  a r e  pooled t o g e t h e r  i n  t h e  f o l l o w i n g  e q u a t i o n :  

where  

CT = c u m u l a t i v e  c o s t  o f  i r o n  o r e  p r o d u c t i o n  

Q = i r o n  o r e  o u t p u t  

The weigh ted  a v e r a g e  o f  t h e  marg ina l  p r o p e n s i t i e s  o f  demand (see 

s e c t i o n  on a p p a r e n t  consumption)  o f  EEC c o u n t r i e s  (Luxembourg has been assumed 



t o  h a v e  t h e  same e l a s t i c i t y  as Belg ium)  h a s  been  c a l c u l a t 2 d  t o  be -0.0269. 1/ - 
The  a v e r a g e  1960-84 s h a r e  o f  a p p a r e n t  consumpt ion  t o  t c t a l  EEC Apparen t  

c o n s u m p t i o n  h a s  b e e n  u s e d  a s  t h e  w e i g h t  i n  t h e  c a l c u l a t i o n .  

T h e  " d e c i i ~ d "  EEC-7 i r o n  o r e  p r i c e  (P2) i s  d e r i v e d  by s e t t i n g  < h e  

m a r g i n a l  r e v e n u e  w i t h  r e s p e c t  t o  i r o n  o r e  e q u a l  t o  t h e  m a r g i n a l  c o s t  o f  t h e  

EEC-7 s t e e l  m i l l  p r o d u c e r s .  I f  t h e  B r a z i l i a n  i r o n  o r e  s u p p l y ' s  s l o p e  i s  

w h e r e  

TC = t o t a l  c o s t  of  c r u d e  s t e e l  p r o d u c t i o n  i n  EEC 

C = i r o n  o r e  consumpt ion  

P = EEC i r o n  o r e  p r i c e  

F u r t h e r m o r e  i f  

w h e r e  

Rse = e x p e c t e d  r e v e n u e s  of EEC s t e e l  p r o d u c e r s  

Ps, = e x p e c t e d  a v e r a g e  p r i c e  o f  s t e e l  p r o d u c t s  

QSe = e x p e c t e d  EEC c r u d e  s t e e l  o u t p u t  

1/ Long- term p r o p e n s i t i e s  a r e  u sed  h e r e .  - 



and i f  t h e  produc t ion  f u n c t i o r s  if EEC producers  a r e  r ep r e sen t ed  t,y Cobb- 

Douglas p roduc t ion  f u n c t i o n s  k i t h  v a r i a b l e  r e t u r n s  t o  scale, then  t h e  p r o f i t  

maximizat ion of s t e e l  producers  with r e s p e c t  t o  i r o n  o r e  i s  equa l  t o  tk 

marginal  c o s t .  By s o l v i n g  this equality f o r  o u t p u t  and p r i c e  we g e t  A /  

The weighted average  of t h e  marginal product of EEC s t e e l  p roducer r  vi th  

r e s p e c t  t o  i r o n  o r e  (H) is e s t ima t ed  t o  be 0.20. 21 The long- run p r i w  

p r o p e n s i t y  of  B r a z i l i a n  i r o n  o r e  supply i s  c a l c u l a t e d  a t  0.091 ( s e e  section on 

i r o n  o r e  ou tpu t  e s t i m a t i o n ) ,  

PI and P2 cou ld  be a l s o  rep laced  by P4 and Pj, r e s p e c t i v e l y ,  i n  

e q u a t i o n s  ( 9 )  t o  (11). P3 i s  t h e  minimum p r i c e  t h a t  w i l l  'keep European # t a d  

m i l l  o p e r a t i o n s  p r o f i t a b l e .  P4 i s  t h e  minimum p r i c e  t h a t  w i l l  keep B r a z i l i a n  

and o t h e r  major i r o n  o r e  producers  i n  bus iness .  When Europe 's  p r o f i t s  i n  #teal  

p roduc t i on  become z e r o ,  then  

11 I t  i s  a l s o  assumed h e r e  t h a t  s t e e l  producers  adopt  e x p e c t a t i o n s  of tb. - 
form R, = B - ~  o r  (P,.Q,), = (P,.Q,)-~. 

21 The margina l  product  of major EEC s t e e l  producers  wi th  r e s p e c t  t o  iron 0- - - 
and o t h e r  i n p u t s  ha s  been e s t ima t ed  by T. P r i ovo lo s ,  1987, Invertwat  
P o l i c i e s  f o r  S t e e l  Producing Count r ies :  An Empir ical  Analys i s  of the U w  
of  I r o n  Ore by Major S t e e l  Producing Coun t r i e s ,  The World Bank Diviriaa 
Working Paper  1987-2, Washington, DC, 



and t h en  11 

a c t u a l  s t e e l  product a p r i c e  

a c t u a l  s t e e l  product i o n  

expected EEC s t e e l  p roduc ts- pr ice  

expected s t e e l  o u t p u t ,  EEC 

expec ted  o t h e r  than  i r o n  o r e  c o s t s  i n  EEC s t e e l  product ion 

expected i r o n  o r e  p r i c e  

expec ted  i r o n  o r e  used i n  EEC a t e e l  p roduc t ion  

a c t u a l  i r o n  o r e  volume used i n  EEC s t e e l  p roduc t ion  

When B r a z i l ' s  p r o f i t s  become ze ro ,  t hen  

'eQe = EH Qe 

where 

E, H = parameters  r e l a t e d  t o  c o s t  f u n c t i o n  (13) 

Q, = expec ted  i r o n  o r e  ou tpu t  

- - 1/ Expec t a t i ons  o f  t h e  form PseQ,, - (P,Qs-l), Qe - Q-l and We - 
= OC-l a r e  assumed here. 



and t h e n  i/ 
EH 

Q- 1 

P4  = ------- 
Q-l 

E q t ~ a t i o n  (11) i m p l i e s  t h a t  t h e  v a l u e  o f  ~ r a z i l / ~ u r o p e  t r a d e  i s  a 

f u r l c t i o n  of t h e  range PI-P2 and o f  t h e  sum of  a l l  p o s s i b l e  outcomeo o f  t h e  

A .  I f  t h e  r ange  P I - P Z  i s  a f u n c t i o n  o f  P1 and P2 and A i o  c a l c u l a t e d  

a u t o - r e g r e s s i v e l y  t h e n  e q u a t i o n  (11) may b e  e s t i m a t e d  as  fo l lowe:  

l o g  IOPRCDHC2 = -0.487243 + 0.478422 * l o g  Y Y  - 5.45467 * l o g  XC 
(-1.61701) (0.613730) (-4.8815) 

R-Squared:0.927 R-Squared:0.920 SEE:0.76117E-01 DW:1,223 
(Uncor rec ted!  ( 'Corrected)  

F ( 2 , 2 1 ) :  133.179 RSS: 0.12167 

where  Y Y  i s  t h e  t r a n s f o r m a t i o n  of t h e  r i g h t  hand s i d e  v a r i a b l e s  of equation 

( l l ) ,  tlC i s  t h e  m e t a l  c o n t e n t  a d j u s t m e n t  f a c t o r  of s i n t e r  f i n e s ,  21 IOPRCDnC2 

i s  t h e  B r a z i l i a n  FOB s i n t e r  f i n e  p r i c e  e x p r e s s e d  i n  m e t a l  c o n t e n t .  

The p r o p e r t i e s  of t h i s  e q u a t i o n  a r e  t h e  same a s  t h o s e  of  equation 

( 1 1 ) .  The v a l u e  o f  t r a d e  ( P Q )  21 i n c r e a s e s  w i t h  a  d e c l i n e  i n  t h e  r a n g e  PI-P2. 

1/ E x p e c t a t i o n s  o f  t h e  form Qe = Q-l a r e  assumed h e r e .  - 
2 /  The c o e f f i c i e n t  of  HC i s  n o t  1 due t o  t h e  f a c t  t h a t  HC i s  t o t a l  world  iron - 

o r e  p r o d u c t i o n  m e t a l  c o n t e n t  i n c l u d i n g  p e l l e t s ,  lump, e t c .  

3 Long and c o n t i n u o u s  s t a t i s t i c a l  d a t a  s e r i e s  on B r a z i l ,  C o n t i n e n t a l  Europe - 
t r a d e d  volume a r e  n o t  e x i s t e n t .  For  t h a t  r e a s o n ,  t h e  B r a z i l i a n  i r o n  ore 
p r o d u c t i o n  h a s  been used h e r e  a s  a  proxy f o r  Q. 



Fur thermore ,  t h e  range  P1-P2 d e c l i n e s  wi th  PI decreas ing  and P2 i n c r ee s ing .  1/ - 
T h i s  r e l a t i o n  i s  r e p l i c a t e d  with o u r  e s t i m a t i o n  above. The value o f  t rade,  

(p*Q), i n c r e a s e s  when PI dec rea se s  a n d  when P2 i n c r ea se s .  I ron  ot-I: demand 

c o n s i d e r a t i o n s  p r e v a i l  i n  t h e  n e g o t i a t i o n s .  B r a z i l i a n  n e g o t i a t i o n s  will 

i n c r e a s e  t h e i r  revenues when t h e i r  " des i red"  p r i c e  moves c l o s e r  t c  t h a t  of 

Europe ' s .  21 

I /  P2 i s  n e g a t i v e  here .  The same vould ho ld  i f  P2 was p o s i t i v e .  
d 

2 /  ?he same a n a l y s i s  ho ld s  when P4 and P3 a r e  used i n s t e a d  of Pi and P2. When - 
the p r i c e  (P4) t h a t  p u t s  ou t  of bus ine s s  i r o n  o r e  p roducers  i n c r e a s e s  and 
t h e  p r i c e  (P3) t h a t  pu t s  ou t  of bus ine s s  s t e e l  producers  i n c r e a s e s  t h e  
range P4-P i n c r e a s e s  and i r o n  o r e  p r i c e s  tend t o  dec r ea se ,  i.e., i r o n  o r e  
p r i c e s  ten3 t o  dec r eaae  a s  i r o n  o r e  p roduc t ion  becomes more prof i t e b l e  and 
r t e e l  p roduc t ion  becomes l e s s  p r o f i t a b l e .  



V. nmm VUIDATIOY AMD MULTIPLIER MULYSIS 

V. 1 Model Val i d a t  ion  

Th i s  s e c t i o n  examines t h e  o v e r a l l  performance of t h e  u o r l d  i r o n  o r e  

model. The r e s u l t s  of dynamic h i s t o r i c a l  s imu la t i on  over t h e  1974-84 pe r i od  

a r e  p r e sen t ed  f o r  t h e  most important  v a r i a b l e s  of t h e  model i n  Table  11. 

The roo t  mean square  percen tage  e r r o r s  (RHSPE) of appa ren t  

consumption vary between 0.86% and 18.96%. The worst  r e s u l t s  a r e  t hose  f o r  t h e  

Republ ic  of Korea. There r e s u l t s  a r e  p a r t l y  a r e f l e c t i o n  of t h e  d a t a  and 

p a r t l y  of  t h e  equa t i on  s p e c i f i c a t i o n .  The Republic  of Korea has  developed i t s  

s t e e l  i n d u s t r y ,  most ly  e l e c t r i c  f u rnace s ,  i n  t h e  l a s t  t e n  years .  Thus, f o r  a 

very  l ong  t ime ,  1965-75, consumption of  i r o n  o r e  was no t  s i g n i f i c a n t ,  I n  t h e  

1975-80 pe r i od ,  consumption of  i r o n  o r e  i nc r ea sed  f i v e f o l d  w i th  che develop-  

ment of f u r n a c e s  consuming i r o n  ore .  I n  t h e  f i r s t  h a l f  o f  t h e  1980s. 

consumption of  i r o n  o r e  and s t e e l  c a p a c i t y  s t a b i l i z e d  i n  t h e  Republ ic  of 

Korea. South Af r i c a  and I n d i a  a r e  t h e  o t h e r  two c o u n t r i e s  w i th  over  10% WSPE 

i n  appa ren t  consumption. Both c o u n t r i e s  had unusua l ly  low l e v e l s  of i r o n  o r e  

consumption i n  1970. I n  a d d i t i o n ,  South A f r i c a  has an  unusua l l y  h igh  l e v e l  of 

consumption i n  1977. Thus t h e  e s t ima t ed  c o e f f i c i e n t s  of t h e  r e s p e c t i v e  

e q u a t i o n s  may n o t  be t h e  t r u e  ones. 

The RnSPEs o f  p roduc t ion  have been h i g h e r  than t h o s e  of appa ren t  

consumption. They range  between 2.04% and 19.66%. Data problems may be the  

cause  o f  t h e s e  h igh  RnSPEs. Our i r o n  o r e  p roduc t ion  d a t a  do n o t  d i s t i n g u i s h  

between p e l l e t s  and s i n t e r  f i n e s .  I n  a d d i t i o n ,  c l o s e l y  " captured" mines i n  one 



Table  1 1 :  ERROR S T A T I S T I C S  FOR MAJOR VARIABLES: HISTORICAL 
SIHLlLATION ( 1 9 7 4 - 8 4 )  

-------------------------------------------------------.-------_-_- .---- 
H EAN ROOT MEAN N U N  ROOT MEAN 
ERROR ERROR X ERROR % ERROR 

---.-----------------------------------------------------.------------- ----------- 
APPARENT CONSUHPTI ON 

CtlINA 
CBWANY, FED. REP. 09 
KEC-7 
S P A 1  N 
PEUWCE 
UYITED KINCDOH 
I N D I A  
ITALY 
JAPAN 
KOELeA, REP.  OF 
YBTtJeaLANDs 
SOUTH AFRICA 
UYITED STATES 
USSR 
WED 

rnODUCT1 ON 
AUSTBALI A 
W I L  
CAbUDA 
axLe 
a i I b l A  
S P N  N 
PMblCE 
I U D I A  
LIBERIA 
m 1 C O  
M U R I T A N I A  
PERU 
SOUTH AFRICA 
SUEDEN 
UYITED STATES 
USSR 
U0RI.D 

Q M g R  VARIABLES 
WILD EXPORTS 
WED IMPORTS 
BRAZILIAN IRON 

OBE DEPLATOR 
I L I I I I I I I - - - . ) - - - - - - - - - - - - - - - - - - - - U - I I U . U  

30URCE: THE WORLD BANK, INTERNATIONAL ECOWOHICS DEPABRIWT. 



c o u n t r y  ( s u c h  a s  i n  ~ a n a d a )  by s t e e l  p r o d u c e r s  i n  a n o t h e r  (such a s  t h e  U n i t e d  

S t a t e s )  c o m p l i c a t e  h e  equntlon s p e c l f  i c a t  i o n  o f  a p a r t  i c u l ~  r c o u n t r y ' s  

p r o d u c t i o n  p r o c e s s .  3a:a problems a c c o u n t  f o r  t h e  h i g h  K H S P E s  of C h i l e ,  S o u t h  

At r i c n ,  M a u r i t a n i a  a n d  Yexico .  The s i n c e r  f i n e s / p e l i e t  problem i s  i n h e r e n t  i n  

o l !  t h e  c o u n t r i e s  b i t  becomes p a r t i c u l a r l y  i m p o r t a n t  i n  t ' ?e  c a s e s  o f  

Sweden ,  Canada ,  t h e  Linited S t a t e s ,  C h i l e  and Pe ru .  I s c k  of r e a s o n a b l y  good 

o u t p ~ i t  d a t t i  by t y p e  ~f i r o n  o r e  o n  a c o u n t r y- b y- c o u n t r y  b a s i s  l i m i t  t h e  

p o s s i b i l i t i e s  f o r  i m p r o v m e n t  i n  t h e  s p e c i f i c a t i o n  o f  t he , e  e q u a t i o n s .  

The B r a z i  1  i a n / C o n t i n e n t a l  Europe  r e f e r e n c e  i r on  o r e  p r i c e  d e f l a t o r  

(P) h a s  a  6.022 RYSPE. The main s o u r c e  o f  e r r o r  i s  t h e  "des i re t f"  B r a z i l i a n  

p r i c e  which  d e p e n d s  i n t e r  a l i a  on t h e  p r o d u c t i o n  o f  s e v e r a l  coun t r i e s- - among  

them t h e  U n i t e d  S t a t e s  and  B r a z i l .  The e q u a t i o n  t h a t  e s t i m a t e s  t h e  US o u t p u t  

i s  s t a t i s t i c a l l y  weak. As p r e v i o u s l y  s t a t e d ,  t h e  d a t a  i s  a l s o  t h e  main p rob lem 

h e r e .  F i r s t ,  t h e  l a c k  of d i s t i n c t i o n  be tween p e l l e t s  and  s i n t e r  f i n e s  and  

s e c o n d  t h e  p rob lem v i t h  t h e  " cap tu red"  mines  d o  n o t  a l l o w  s u b s t a n t i a l l y  b e t t e r  

e q u a t i o n  s p e c i f i c a t i o n  t h a n  t h a t  one  u s e d .  When US p r o d u c t i o n  i s  e x o g e n i z e d  

t h e  B r a z i l i a n / C o n t i n e n t a l  Europe r e f e r e n c e  i r o n  o r e  p r i c e  h a s  a  l o w e r  RHSPE, 

c l o s e  t o  3%. However, t h e  r e a s o n a b l e  RHSPE v a l u e s  f o r  t h e  i r o n  o r e  r e f e r e n c e  

p r i c e  p o i n t s  t o  t h e  f a c t  t h a t  t h i s  model c a n  b e  u s e d  e q u a l l y  w e l l  f o r  p r i c e  

f o r e c a s t i n g  a n d  p o l i c y  s i m u l a t i o n .  E s t i m a t i o n  of  dynamic m u l t i p l i e r s  w i l l  b e  

u s e d  i n  t h e  n e x t  s e c t i o n  t o  a n a l y z e  s e v e r a l  p o l i c y  s c e n a r i o s .  

V . 2  Mul t ip l i e r  Analysis 

T h i s  s e c t i o n  n n a l y z e s  t h e  impact o f  s u s t a i n e d  c h a n g e s  i n  s e l e c t e d  

e x o g e n o u s  v a r i a b l e s  i n  t h e  o t h e r  v a r i a b l e s  o f  t h e  i r o n  o r e  model .  The c o n t r o l  

and  t h e  d i s t u r b e d  s o l u t i o n s  a r e  compared and dynamic m u l t i p l i e r s  a r e  

e s t i m a t e d .  F o r  a n y  t i m e  p o i n t ,  t h e  s p r e a d  be twesn  t h e  two p a t h s ,  i .e. ,  t h e  



c o n t r o l  and  t h e  d i s ~ u r b e d  s o l u t i o n s ,  shows t h e  dynamic m u l t i p l i e r  a t  t h a t  

p o i n t .  I n  t h e  f o l l o u ~ r g  i a b l e s  ( 1 2 )  t c  ( 1 6 ) ,  t h e  mean ( o v e r  a t en -yea r  p e r i o d )  

o f  t h e  s p r e a d  i n  ; : r rcentags  t e r c s  i s  p r e s e n t e d .  Dynamic m u l t i p l i e r s  a r e  

i m p o r t a n t  b e c a u s e  t n r y  show t h e  r e s p o n s i v e n e s s  o f  the node1 to exogecous  

shocks nnd b e c a u s e  t h e y  q u a n t i f y  the shocks' impact on t h e  r e s t  of  t h e  

conn.od i t y economy. 

V.3 s u s t a i n e d  I n c r e a s e  i n  B r a z i l i a n  I r o n  Ore  C a p a c i t y  

T h i s  s c e n a r i o  s i m u l a t e s  t h e  impact of a  1% i n c r e a s e  i n  B r a z i l i a n  

c a p a c i t y  cn t h e  r e s t  of  t h e  i r o n  o r e  economy. R e c e n t l y  B r a z i l  o t a r t e d  

o p e r a t i o n s  i n  t h e  C a r a j a s  p r o j e c t .  A t  f u l l  c a p a c i t y ,  by 1990, t h e  C a r a j a s  

p r o j e c t  c o u l d  add some 35 m i l l i o n  t o n s  t o  B r a z i l i a n  p r o d u c t i o n .  The World Bank 

e s t i m a t e s  t h a t  t o t a l  B r a z i l i a n  c a p a c i t y  i n  me ta l  c o n t e n t  w i l l  i n c r e a s e  by 25 

m i l l i o n  t o n s  ( o r  3 1 % )  between 1985 and 1990. l-/ I n  t h i s  s c e n a r i o ,  t h e  c a p a c i t y  

i n c r e a s e  is  assumed t o  be s u s t a i n e d  o v e r  t h e  e n t i r e  t en- year  p e r i o d .  The 

r e s u l t s  of t h e  s i m u l a t i o n  a r e  p r e s e n t e d  i n  T a ~ l e  12. 

A s  e x p e c t e d ,  B r a z i l i a n  p r o d u c t i o n  i n c r e a s e s  (by  0.9%) i n  r e s p o n s e  t c  

a  1 X  i n c r e a s e  i n  c a p a c i t y .  P r o p o r t i o n a t e l y ,  B r a z i l i a n  e x p o r t s  i n c r e a s e  rrc re 

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

n a t u r a l  r e s o u r c e s ,  B r a z i l  d e s i r e s  a  h i g h e r  p r i c e  i n  t h e  c o n t : a c t u a l  

n e g o t i a t i o n ; .  The C o n t i n e n t a l  European c o u n t r i e s  f e e l  t h a t  t h e  - l d i t i o n a l  

B r a z i l i a n  p r o d u c t i o n  e x a c e r b a t e s  t h e  e x i s t i n g  o v e r- c a p a c i t y  i n  :he i r o n  o r e  

m a r k e t s ;  t h e y  a r e  w i l l i n g  t o  a c c e p t  a d d i t i o n a l  B r a z i l i a n  i r o r  o r e  f o r  l o w e r  

p r ices .  The s t r o n g e r  n e g o t i a t i n g  p o s i t i o n  of C o n t i n e n t a l  ~ u r o p e ' s  s t e e l  m i l l s  

1/ S e e  Repor t  No. 814 /56 ,  The World Bank, I n t e r n a t i o ~ ~ a l  Economics Depar tment ,  - 
O c t o b e r  1986,  P r i c e  P r o s p e c t s  f o r  Major P r imary  .. - ~ r m n o d i t i e s .  - 



T a b l e  1 2 :  DYNhYIC  .WLTIPLIER A Y A L Y S I  S: A SUSTAINED INCREASE I N  
BRAZILIAN I R O N  ORE CAPACITY 

( X  P . A . )  

COUNTRY 
_ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ ^ _ _ _ _ - _ - - _ - _ - _ - _ _ _ - - - - - - - - - _ - - - - - _ - - - _ _ _ _ - - _ _ _ _ _ _ _ _ _ _ - _ I _ _  - 

IRON ORE IRON ORE 
APPARENT CONSL'HPTIOH PRODUCTION 

AUSTRALIA 
BELGIUM 
BRA2 I L 
CANADA 
CHILE  
CHINA 
FRANCE 
GERHANY, FED. REP. OF 
I N D I A  
ITALY 
JAPAN 
KOREA, REP. OF 
MAURITANIA 
HEX1 0 
WETHERLAN3S 
PERU 
SOUTH AFRICA 
SPA1  ti 
SWEDEN 
UNITED KINGDOH 
UXITED STATES 

IRON ORE PRICE 

REFERENCE PRICE 
BRAZIL/CONT. E ~ O P E  -0.87 

DESIBED BRAZILIAN P R I C E  0.96 
DESIRED CONT. EUROPZ 

PRICE -0.38 ---- --------- - -----. 

SOURCE : THE WORLD B U Y ,  INTERNATIONAL ECONOHICS DEPARRlF%T. 



is r e f l e c t e d  i n  t h e  f i n a l  outcoue. I r c n  ore  r e f e r e n c e  p r i c e8  d e c l i n e  by  a n  

ave r age  0.87% p e a .  Lover iron o r e  p r i c e s  cause  produc t ion  t o  d e c l i n e  and 

s o n s u - t i o n  t o  i n c r e a s e .  The c o u n t r i e s  t h a t  a r e  expected t o  reduce 

p r o p o r t i o n a l l y  more t 5 e i r  outp-: i n  r J sponre  t o  t h e  d r r z i i i e n  c a 9 a c i t y  

i n c r e a s e  are Canada !-I.llX), Chi l e  ( - 3 . 4 3 2 ) .  and South Afr ica  (-0.45%). The 

c o u n t r i e s  t h a t  a r e  tixpected t o  be l e a s t  a f f e c t e d  a r e  I n d i a  (-0.05%) and 

~ a u r i t a n i a  ( -0 . \22) .  Among t h e  cou l r t r i e s  t h a t  a r e  expected t o  itt:rease t h e i r  

con8ump:ion t h e  most a r e  t he  Republ ic  of KO-:a ( 1 . 2 7 % ) ,  t h e  Ur i t ed  S t a t e s  

(0.88%) and Prance ( 0 . 6 1 1 ) .  South A f r i c a ,  Japan snd the  Federal  Republ ic  of 

Cermanv a r e  no t  expected t o  s i g n i f i c a n t l y  change t h e i r  ccnrurnption of i r o n  

o r e .  

V . 4  S u s ~ i n e d  I n c r e a r e  i a  R E - 7  C ~ d e  Stee l  Produc t ion  

T h i s  s c e n a r i o  r i m u l s t e r  t h e  hypothet ic@: imprct  of a 12 s u s t a i n e d  

i n c r e a s e  i n  E d - 7  c rude  s t e e l  p roduc t ion  on iron o r e  markets  Gver a 10-year 

pe r i od .  Tbt seven %C c o u n t r i e s  uhoae crude  s t e e l  p roduc t ion  is  assumed t o  

i n c r e a s e  ale: t h e  Federa l  R e p ~ b l i - ,  of Ceroany, Prance, I t a l y ,  t h e  United 

Xingdom, t h e  Nether i  tinds, Bclgicm s;>d Luxeabourg. A l l  seven c o u n t r i e s  i n c r e a s z  

t h e i r  consump:ion and ~ m p ~ r t b  of i r o n  o r e .  The Federal  Republic of Germany, 

t h e  United Kingdom, I t a l y  and :he Hethezlanda :ncrease t h e i r  consumption by 

0.96%, 0.79X, 0.76: and 0.69% p . a . ,  r e s p e c t i v e l y  ( s ee  Table  13). Belgium and 

'Luxembourg izc reas r r  t h e i r  conswnption by 0.4X,  whi l e  Prance i n c r e a s e s  i t s  i r o n  

ore consumption by a mere 0.012. These d i f f e r e n t  ? c r cen t age ' chacges  show t h e  

d i f f e r e n t  r e s t r u c t u r i n g  p l ans  o! t h e  steel i n d * ~ n t r y  of  each count ry .  Prance 

and Belgium are expec ted  t o  gu a o r e  rhe l c l e c t r i c  furnace/scrap-use r o u t e  

r a t h e r  than t h e  b l a s t  i u r n s c c / i r o n  ore- use r o c t e .  Overa ' l ,  a 1% i n c r e a s e  i n  

EEC c rude  rteel produc t ion  i s  expected t o  i n c r e a s e  i r o n  o r e  consumption by 



T z b l e  1 3 :  3iNXYfC H U L T I P L I E 8  ANALYSIS: A S U S T A I N E D  INCREASE IN --- 
EEC- 7 C R U D E  STEEL PRODUCTION 

( I N  z P . A . )  

. . _ _ _ _ _  _ _ _ _ _ _ - - -  ------------------- ----------------- ---------------------------- 
IRON ORE IRON ORE 

CO U?l'l'ii ':' nPPARENT C O N S N I P T I O N  PRODUCTION _ _  _ -__-_ ._ - -_-- - - - - - -  ------------ -----------..--------------------- ------------- 

AUSrI'?..4i.! :i 

i3ZI.G' i C.'.! 
BRA2 ; I. 
CXNAlIr l  
Cfl I !.E 
CIi I HA 
FRANCE 
C E W A N Y ,  FED.  dE2. CF 
IKDIA 
1TAI.Y 
JAPAN 
KOREA, REP.  3F 
MAURITANIA 
HEX i CO 
N E T ~ ~ E R L A G ~ S  
PERU 
SOUTH A F R I ' X  
SPA1 t! 
SWEDEN 
UNITED KIHCDOY 
UNITED STATES 

IRON ORE PRICE 

REFERENCE PRICE 
BRAZIL/COHT. EUROPE 1.23 ------------------------------ ---------------------------.--------------- 

SOURCE : THE WORLD BM'K, 1NTEE.NATIONAL FCONOHICS DZPUR(ENT.  



l e s s  t h a n  1%.  I n c r e a s e d  i r o n  o r e  demand c a u s e s  i r o n  o r e  p r i c e s  : o  r i s e .  T h e  

i r o n  o r e  r e f e r e n c e  p r i c e  grows by 1 . 2 3 :  p . a .  H ighe r  i r o n  o r e  p r i c e s  c a u s e  

p r o d u c t i o n  of  i r o n  o r e  t o  i n c r e q s e  nrld c o n s u m p t i o n  of  i r o n  o r e  t o  dc .c ! ine .  

Among t h e  p r o d u c e r s ,  C a n a d a ,  C h i  l t r ,  S o u t h  A!r ica  a n d  t 2 u s t r a l  i n c r t l t i s t ~  t h e i r  

o u t p u t  t h e  most ( i . e . ,  between O.48r a n d  1.!2:), while P e r u ,  H ~ b r i t n n i n  and 

B r a z i l  i n c r e a s e  t h e i r  o u t p u t  r e l a t i v e l y  t h e  l e a s t  ( i . e . ,  between 0.16% and 

0 . 2 0 % ) .  Among t h e  consumers ,  t h e  R e p u b l i c  of  Korea, t h e  U n i t e d  S t a t e s  and  

J a p a n  r e d u c e  t h e i r  i r o n  o r e  consurnpt i o n  t h e  most ( i  . e . ,  between - 1.56% and 

- 0.77%) a n d  Canada a n d  China  t h e  l e a s t  ( - 0 . ! 8 X  and - 0.20%).  

V.5 S u s t a i n e d  I n c r e a s e  i n  S c r a p  P r i c e s  

The s c e n a r i o  t r a c e s  t h e  r e s p o n s i v e n e s s  of  b e h a v i o r  i n  t h e  i r o n  o r e  

model  t o  c h a n g e s  i n  s c r a p  p r i c e s .  The impact  o f  a  1% s u s t a i n e d  i n c r e a s e  i n  

s c r a p  p r i c e s  on the i r o n  o r e  m a r k e t s  i s  p r e s e n t e d  i n  T a b l e  14. H i g h e r  s c r a p  

p r i c e s  make i r o n  o r e  p r i c e s  more c o m p e t i t i v e  i n  t h e  s t e e l  p r o d u c t i o n  p r o c e s s  

i n  t h e  s h o r t  run. As a  r e s u l t ,  i r o n  o r e  consumpt ion  i n c r e a s e s  i n  a l m o s t  a l l  

c o u n t r i e s .  The i n - r e a s e s  i n  consumpt ion  a r e  s m a l l ,  however- - they r a n g e  be tween  

0.01% i n  J a p a n  and 0 . 3 3 1  i n  t h e  N e t h e r l a n d s  11. I n  v iew of t h e  i n c r e a s e d  

demand f o r  i r o n  o r e  (see p r e v i o u s  s e c t i > n ) ,  t h e  B r a z i l i a n  n e g o t i a t i n g  p o s i t i o n  

p r e v a i l s  and  t h e  i r o n  o r e  r e f e r e n c e  p r i c e  i n c r e a s e s  by 0.35% p.a. H i g h e r  i r o n  

o r e  p r i c e s  c a u s e  i r o n  o r e  p r o d u c t i o n  t o  i n c r e a s e ,  P r o d u c t i o n  i n c r e a s e s  v a r y  

b e t w e e n  0.06X i n  B r a z i l  and P e r u  and  0.36X i n  Canada.  H ighe r  i r o n  c r e  p r i c e s  

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

s c r a p  p r i c e s  t o  d e c l i n e .  T h i s  i s  t h e  r e a s o n  L-hy t h e  m u l t i p l i e r  of  consumpt ion  

i s  r e l a t i v e l y  small o v e r  a t e n- y e a r  p e r i o d .  

11 I n  t h r e e  c o u n t r i e s  (Be lg ium,  t h e  U n i t e d  S t a t e s  and t h e  R e p u b l i c  o f  Korea )  - 
c o n s u m p t i o n  i n c r e a s e s  a t  f i r s t  a n d  d e c l i n e s  a f t e r  some y e h r s .  



Table  14: DYNAMIC WLTIPLIE?R ANALYSIS: A SUSTAINED INCRFJ.SE I N  
SCRAP PRICES 
(IN z P.A. )  

___----------- ------------------ - ----- ------- -----------.------------------- 
IRON ORE IRON OEE 

COUNTRY APPARENT CONSWPTION PROtHICTION _---------- ---------- ---------------------------------------------- ---- --- ---- 
AUSTRALIA 
BELGIUM 
BRA2 I L 
CANADA 
CHILE 
CHINA 
PRANCE 
CERHANY, FED. REP. OF 
INDIA 
ITALY 
JAPAN 
KOREA, REP. OF 
MAURITANIA 
HEXI CO 
NETHFALANDS 
PERU 
SOUTH AFRICA 
SUED P;N 
UNITED K I N C W  
UNITED STATES 

SCRAP PRICE 1.00 
IRON ORE REFERENCE 0.35 

P R I C E  BRAZIL/COHT. ELROPE 
---------.-.---)-IC-._-----I-.-.-----------------'--UI---- 

SOURCE: THE WORLD BANK, I R e B W r I O W A L  ECONOMICS DEPARTUENT. 



V.6 Sus t a ined  I n c r e a s e  i n  t h e  NUV D e f l a t o r  

Th2 irnpact of a 1Z s u s t a i n e d  i nc r ea se  i n  p r i c e s  of nuinufactured 

e x p o r t s  as  measured by t h e  World Bank's HW d e f l a t o r  on t h e  i r o n  o r e  markets  

i s  p r e sen t ed  i n  Tab> 15.  The i n c r e a s e  i n  t h e  M I V  index i s  no t  accompanied by 

s i m i l a r  i n c r e a s e s  i n  t h e  CDP d e f l a t o r s  o f  i n d u s t r i a l  and deve lop ing  c o u n t r i e s .  

Th i s  s c e n a r i o  does not  thus show t h e  impact of an  i n c r e a s e  of world i n f l a t i o n  

?n t h e  i r o n  o r e  markets .  The HUV d e f l a t o r  i s  ausurned h e r e  t o  have a d i r e c t  

impact on t h e  i r o n  o r e  r e f e r e n c e  p r i ce .  A 1% i n c r e a s e  i n  t h e  WV d e f l a t o r  i r  

t r a n s l a t e d  i n t o  0 . 7 7 X  i n c r ea se  i n  t h e  i r o n  o r e  r e f e r e n c e  p r i c e .  Higher i r o n  

o r e  p r i c e s  c ause  produc t ion  t o  i n c r e a s e  and consumption t o  dec:Line. The 

produc t ion  e f f e c t  ranges  from 0.03X i n  t h e  ca se  of I n d i a  t o  0.72% i n  t h e  c a r e  

of Canada. The consumption e f f e c t  ranges  from -1.47% i n  t h e  c a s e  of  t h e  

Republ ic  of Korea t o  - 0.04% i n  t h e  c a s e  of South Afr ica .  

V.7 S u s t a i n e d  Dep rec i a t i on  of t h e  U S  d o l l a r  v i s- a- v i s  the European Currencies 
and the J apanese  Yen 

T h i s  s c e n a r i o  focuses  on t h e  impact of  a 33.3% d e p r e c i a t i o n  o f  t h e  US 

d o l l a r  vi s-a-vi s t h e  c u r r e n c i e s  of t h e  Federa l  Republ ic  of Germany, France,  

I t a l y ,  United Kingdom, t h e  Nether lands ,  Belgium, Sweden, Spain and Japan on 

t h e  i r o n  o r e  markets .  The r e s u l t s  of t h i s  s c e n a r i o  a r e  p r e sen t ed  i n  Tab l e  16. 

The impact of  t h e  US d o l l a r  d e p r e c i a t i o n  on t h e  i r o n  o r e  markets i s  t r a c e d  f o r  

t h e  f i r s t  f o u r  y e a r s ,  t h e  fo l lowing  f o u r  y e a r s  and t h e  fo l l owing  two ./cars. A/ 

11 Dynamic m u l t i p l i e r s  t h a t  show t h e  impact on t h e  i r o n  o r e  markets  of a 1% - 
d e p r e c i a t i o n  i n  t h e  US d o l l a r  may be e s t ima t ed  by d i v i d i n &  t h e  numberr 
p r e sen t ed  i n  Tab l e  17 by 33.3. 



T a b l e  15: DYNAHIC W L T I P L I E R  ANALYSIS: A SUSTAINED IKCREASE I N  -- 
THE HW DEFLATOR (IN x P.A. )  

_ _ _ _ _  --------- ---_----------------------------------------------------- .--.----- 
IRON ORE IRON ORE 

COUNTRY :fPPA.RENT CONSUMPTION PRODUCTION ___-_ ----- - ---- --------------------------------------------------------.--- ---- 

AUSTRAL1 A 
BELGIUM 
B R A 2  I L 
CANADA 
CHILE  
CHINA 
FRANCE 
GERMANY, FED. REP. O F  
I N D I A  
ITALY 
JAPAN 
KOREA, REP. OF 
MAURITANIA 
MEXI co 
NETHERLANDS 
PERU 
SOUTH AFRICA 
S P A I N  
SWEDEN 
UNITED KINCDOH 
UNITED STATES 

PRICES  

HUV 1 . 0 0  
IRON ORE REFERENCE PRICE:  

BRAZIL/CONTIN~BTAL EUROPE 0.77 
-----I--------------------------------------- --------------- ------ 
SOURCE: THE WORLD BANK, INTERNATIONAL ECONOHICS DEPARTMENT. 



Table 16: DYNAHIC MULTIPLIER ANALYSIS: A SUS'I 4-:HEL" ..I3 : $ X  C £  'I; EI:IA'IION 
OF THE U S  DOLLAR V I S- A- V I S  ALL EUROPFAN C!IRRE;4'(Z!: !; 4YI ' IF,: '  

(I N Z: P . A . )  

_ ____------ --------------------------------------- --.-- -.--.-. -.--I- *--. ---.---- _-_ 
IRON ORE I R O N  ( RE 

COUNTRY APPARENT CONSUWPTION -- 
(YEARS) 

:?K21)UC: IUM 
"(;!+hi 5 

AUSTRALIA 
BELCIUH 
B R A 2  I L 
CANADA 
CHILE 
CHINA 
PRANCE 
CERWANY, FED. REP. OF 
I N D I A  
ITALY 
JAPAN 
KOREA, REP.  OF 
MAURITANIA 
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The d e p r e c i a t i o n  of  t h e  US d o l l a r  nukes t h e  c o s t  oE i r c n  o r e  .ess expens ive  i n  

terms of t h e  European and Japanese  c u r r e n c i e s .  l s  - e s l l l t ,  apparent: 

consumption i n c r e a s e s .  Growth i n  demand f o r  i r o n  or  ! miike I i?uropean ~ t e e l .  

mills amenable t o  a ccep t i ng  h igher  i r o n  o r e  p r i c e s .  I I v i e w  of ove r- capac i t y  

and compe t i t i on  among i ton o r e  producers  t o  increa:  e  t hcti r market s h a r e ,  

B r a z i l i a n  i r o n  o r e  producers  a r e  w i l l i n g  t o  a ccep t  lolrer i r c n  clre p r i c e s  f o r  

i n c r e a s e d  expo r t s .  Overall ,  irorr o r e  r e f e r e n c e  p r i c e s  d e c l i n e  by 1.4% t h e  

f i r s t  f o u r  yea r s .  Lower i r on  o r e  p r i c e s  cause  product:.orn t c  d e c l i n e  and 

consumption t o  i nc r ea se .  

Some consumer c o u n t r i e s  f i n d ,  hcuever ,  t h d t  Pcr,ap becornerr l e s s  

expensive t h an  i r o n  o r e ;  t hey  then s t a r t  s u b s t i t u t i n g  s r r a p  f c r  i r on  o r e .  Aa a  

r e s u l t ,  conrumption of i r o n  o r e  . ' .ncreases l e s s  i n  y e a r s  5-8 and much l e e s  i n  

y e a r s  9-10. I n  view of t h e  s t a n c e  of B r a z i l i a n  producer5 and t h e  reduced needs 

of s t e e l  mills,  t h e  European n e g o t i a t o r s  change the i . .  p o s i t i o r ~  and a s k  f o r  

r e d u c t i o n 8  i n  i r o n  o r e  p r i c e s .  I r o n  o r e  p r i c e s  a r e  agreed  t o  d e c l i n e  by 0.4% 

i n  years 5-8. F u r t h e r  r educ t i ons  i n  t h e  consumption and produc t ion  of  i r o n  o r e  

c a u s e  t h e  European and t h e  B r a z i l i a n  p o s i t i o n s  t o  s t r e n g t h e n .  The d e c l i n e  i n  

p roduc t i on  i n  t h e  f i r s t  e i g h t  yea r s  a f f e c t s  i r o n  o r e  p rwices  p o s i t i v e l y  i n  t h e  

l a s t  two ) e a r s  of t h e  s imula t ion .  Higher i r o n  o r e  ~ r i c e s  cause ou tpu t  t o  

i n c r e a s e  i n  y e a r s  9-10. 
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T h i s  paper  h a s  p r e s e n t e d  t h e  s t r u c t u r e  of a world i r o n  o r e  m o d e l .  

T h e o r i e s  of  p e r f e c t  c o m p e t i t i o n  and b i l a t e r a l  o l i g a ~ o l y  and p r i n c i p l e s  o f  game 

t h e o r y  have  been used  t o  d e t e r m i n e  t h e  p r i ce  fo rmat ion  of i r o n  o r e  d u r i n g  

c o n t r a c t u a l  n e g o t i a t i o n r .  Model v a l i d a t i o n  showed t h a t  che  model i s  s u i t e d  f o r  

p o l i c y  a n a l y s i s .  Mu1 t i p 1  i e r  a n a l y s i s  t r a c e d  t h e  c h a n n e l s  o f  t r a n e r n i s s i o n  of 

exogenDua shocks  i n  t h e  i r o n  o r e  marke t s .  T h i s  a n f l l y s i s  showed t h a t  an  

i n c r e a s e  i n  B r a z i l i a n  i r o n  o r e  c a p a c i t y  w i l l  r educe  i r o n  p r i c e r ,  w h i l e  a n  

i n c r e a s e  i n  EEC c r u d e  r t e e l  p r o d u c t i o n  w i l l  i n c r e a r e  i r o n  o r e  p r i c e s .  

Exogenous i n c r e a s e s  i n  r c r a p  prices o r  t h e  UUV i n d e x  will a l s o  t e n d  t o  

i n c r e a s e  i r o n  o r e  p r i c e s .  The impact  o f  d e p r e c i a t i o n  o f  t h e  US d o l l a r  v is- a-  

vis t h e  European and  J a p r n e r e  c u r r e n c i e s  is expec ted  t o  a f f e c t  i r o n  o r e  p r i c e s  

n e g a t i v e l y  t h e  f i r s t  e i g h t  y e a r s  and p o s i t i v e l y  t h e  n e x t  two y e a r s .  However, 

t h e  o v e r a l l  e f f e c t  i r  expec ted  t o  be very s r u l l  o v e r  a  t en- year  p e r i o d .  





' H )EX OF V A R I A B L E S  - .-.- - 

DPEXWDPI: 

PDHCL : 

PKI~EXWDPL: 

Prclduct i o n ,  i r o n  o r e  metal c o n t e n t  of c o u n t r y  6 ,  t h .  
m.  t orls, UNCTm 

C a ~ a c i t y ,  e f f e c t i v e  i r o n  ore  meta l  c o n t e n t  of  c o u n t r y  
b ,  th,, m. t o n s ,  World Bank 

A p p a r t r t  consumption,  i r o n  o r e  me ta l  c o n t e n t  of 
c o u r t r y  6 ,  t h .  rn. t o n s ,  UNCTAD 

Ekport  u n i t  v a l u e ,  i r o n  o r e ,  c o u n t r y  &,  c u r r e n t  
d o l l a r s ,  World Bank 

Import  u n i t  v a l u e  i r o n  o r e ,  c o u n t r y  6 ,  c u r r e n t  
d o l l a r s ,  World Bank 

Crude s t e e l  p r o d u c t i o n ,  c o u n t r y  &, t h .  m, t o n s ,  
UNCTAD, I I S I  

OPEC p i t  roleum p r i c e J e x p o r t  u n i t  v a l u e ,  c o u n t r y  I, 
r a t i o ,  World Sank 

Investment  d e f l a t o r  * ( d e p r e c i a t i o n  r a t e  + U.S, 
t r e a s u r y  b i l l  3 months) / ( 1  - c o r p o r a t e  t a x  r a t e )  

Export  mit v a l u e ,  d o m e s t i c  c u r r e n c y ,  i r o n  o r e  /CDP o r  
CNP d e f l a t o r ,  c o u n t r y  &, i ndex ,  World Bank 

Export  wi t  v a l u e ,  domes t i c  c u r r e n c y ,  i r o n  ore! CPI, 
c o u n t r y  &, i ndex ,  World Bank 

Metal  c o n t e n t  ( p r o d u c t i o n ) ,  c o u n t r y  &, X ,  World Bank 

PKl&/ex;lort  u n i t  v a l u e ,  i r o n  o r e ,  c o u n t r y  &, i n d e x ,  
World Bank 

D u m i e s  with  1 i n  1972, 1976, 1971, and 1983, 
r e s p e c t i v e l y ,  and 0 e l s e w h e r e  

I n t e r n a t i o n a l  i r o n  o r e  p r i c e / ~ ~ I ,  c o u n t r y  &, i n d e x ,  
World Sank 

U t i l i z a t i o n  r a t e ,  c o u n t r y  &, i r o n  o r e ,  X ,  World Bank 

Import  u n i t  v a l u e ,  i r o n  o r e / G ~ P  o r  GNP d e f l a t o r ,  
count -ry &, domes t i c  c u r r e n c y ,  i n d e x ,  World Bank 



PIO:  

USA: 
USR: 
DEU: 
FRA: 
JPN: 
CBR: 
NDL : 
EEL: 
AUS: 
SUE: 
ESP: 
ITA: 
I N D :  
BRA: 
LBR: 
nRN: 
SAP: 
CAN : 
ma: 
CHL: 
HEX: 
CHN: 
KOR: 
CSK: 

S c r a p  p r i c e ,  domes t i c  c u r r e n c y ,  c o u n t r y  6 ,  i n d e x ,  
World Bank 

I r o n  o r e  p r i c e ,  B r a z i l ,  65% Pe, North  P o r t ,  CIP, 
$ / t o n ,  m u l t i p l i e d  by 0.65, World Bank 

I r o n  o r e  p r i c e ,  B r a z i l ,  65% Pe, North  P o r t ,  CIP, 
$ / t o n ,  World Bank 

Des i red  i r o n  o r e  EEC p r i c e ,  CIP, $ / t o n ,  World Bank 

Logar i thm of p r o d u c t  of B r a z i l  p r o d u c t i o n  w i t h  PIO, 
m i l l  $, World Bank 

COUNTRY cODE (s) 

United S t a t e r  
USSR 
Germany, F e d e r a l  R e p u b l i c  of 
Prance 
Japan 
United Kingdom 
ble ther landr  
Belgium 
A u a t r r l i a  
Sweden 
Spa in  
I t a l y  
I n d i a  
Braz i 1 
L i b e r i a  
)Iruri tan;a 
Sou th  A f r i c a  
c8nada 
Peru 
C h i l e  
Mexico 
China 
Korea, R e p u b l i c  of  
Czechor lovak ia  



ANVEX 11 -- 
LIST 3F ZQUATIONS 

- 22.2363 PTF'R/EXUVCAH(-11 t 2 7 . 3 1 8 5  DFEYUVDPCAH 
( - 4 . 8 4 3 3 )  ( 2 . 2 0 1 1 )  

D A T E  OF ESTIRATIOH: 31 3 / 8 6  

2103: IOPDHCFRA = 2.2397 t 0.3093 IOCAPRCFRA 
( 0 . 5666 )  ( 1 . 6528 )  

R-SOUARED!CORR*): 0,957  SEE: 1.0723 

PERIOD OF FIT: 1961 1984 

DATE OF ESTIMATION: 3/ 3/06 

2104: IOPDHCSUE -10.9952 t 0.4169 IOPURGSUE(-l) 
( - 1  e9388) ( 1  e7762) 

+ 0.9335 IOCAPHCSUE t 010197 IOE/GPSUE 
(2 .2880)  (1 .7915)  

R-SQUARED(C0RRe): 0.761 SEE: 1.8960 

PERIOD OF FIT: 1961 1984 

2107:' IOPDHCAUS = - 43.2351 t 0.4380 IOPDHCPIUS(-1) 
(-3.2595) (3 .6067)  

R-SQU&RED(CORR.): 0,968  SEE: 4.1156 DY: 2.44 

PERIOD OF fITt 1961 1904 

F( 3 r  2 0 ) :  235.477 

DATE 05 ESTIHATION: 3/ 3/86 



P E R [ O D G F  F I T :  6 1  1 ' 3 3 4  

D A T E  OF E S f I r t A T 1 3 N :  3/ 1/36 

PERIOD OF F I T :  1961 1 S O 4  

F (  3 9  1 9 ) :  109.370 

D A T E  O r  ESTIWATION: 3 /  3/86 

2110: IOPDFCIHD = -1.0074 t 1.0560  10i4PnCIND 
(-0,6560) ( 2 2 . 2 6 4 0 )  

PERIOD CF FIT: 19JO I984 

2112: IOPDNCtlkW = -0,7818 t 0.8379 IOCAPHCHRN t 0.0980 IOE/GPHRW 
(-L*Bt35) (9.9427) (1.9613) 

R-SOUASED(C0kR.): 0.890 SEE: 0,60464 DY: 2.06 

PERIOD OF FIT: 1960 1904 

DATE QF ESTIMATION: 3 /  3/86 



2 1 1 7 i  IOi'DHCE?? * -4,309j t 1 . 6 9 5 6  IOCAVHCESY 0.0040 IOE,GFESP 
'-5.86'7) ( 8 1  . o 4 ; 6 r  ( S a ( 6 0 2 7 )  

R - S O U A R E 3 ( C O R R . j :  0 . 3 ' 9  S E E :  0.20543 IIU; 1.90 

P-:R100 O f  FIT: IS43 1984  

F (  21 2 2 ) :  i37.644 

3nfE  i l ~  E S r I n a i ? O N :  31 41e6 

R-S~UARED(CORR.J: 6 . 5 3 9  SEE: 0 . 1 3 ? 1 6  t t Y :  1 . 3 4  

P E R I O D  OF FJ?' 1961 1 9 P t  



P-SOUAFiEI1(COkk.  1 :  3.EloS S E E :  0.413t10 f ib: 2 . 2 4  

P E R I O D  OF F l y :  1 9 6 1  1 9 8 4  

R - S O U A R E D ( C 0 P R . ) :  0 . 9 8 6  SEE: 21 t8482  D l i :  1 . 2 3  

DATE OF E S T I t l k l I O N :  LI' 7 / 2 4  

P E R I O D  OF F I T :  1 9 6 1  1 9 0 4  

DATE OF E S T I I ~ P T I O N :  3,' 3 / 8 6  

3147; IOFCXCUSA 2 0 . 1 5 4 4  + 0 . 3 1 8 3  I O U T L n C U S A f - I ?  
( 2 . 3 7 0 7 )  ( 3 . 7 0 4 6 )  

R - S U U A R E D ( C 0 R R . ) :  0 . 6 1 0  SEE: 5 . 7 4 7 6  DU: 2 . 1 2  

P E R I O D O F  F I T :  1 9 6 1  1 9 8 4  



PERIOD OF F I T :  1960 : 3 8 4  

DATE OF E S l l f l A f I O N :  3 /  4/66 

R-SOUARED(C0RR. ) :  0 . 9 1 1  SEE: 4 ,4574 C Y :  2 . 4 5  

PERIOD 'If  F I T :  196 t  1983 

DATE OF ESTIHATION: 3/  4 / 8 6  

2154: IOACHCDEU = -3 .0980 t 0 .5628  CRSTPD2EU - 0.0149 IONDEU 
(- 1.44212 ( 9 . 5 1 0 5 )  ( - 0  s 8230 1 

R-SQUARED(C0RR.): 0 .954  SEE: 0 .88845  DY: 1.66 

PERIOD OF F I T :  1961 :984 

2lSSI IOACHCFRA = 3.5525 + 0 .2701  CRSTPDFRA - 0.0219 IOHFRA 
(1.6239)  ( 2 . 2 4 7 1 )  (-3.3502) 

R-SOUARED(C0RR.): 0 .854 SEE: 0 .86845 DY:  2 .32 

PERIOD OF F I T t  1961 1984 

F( 4 ,  19):  74.766 

DATE OF ESTINATION1 3 /  4 /86  



a-SOUAkED(C0kR.): 0.863 S E E :  0 . 8 6 7 3 8  DU: 1.85 

F E R I O D  OF F I T :  1 9 6 1  1984 

DATE OF E!iTIHATION: 3 1  4 / 8 6  

R-SGUAEED(C0kR.) :  0.974 SEE: 0.4434i t d :  1.93 

PERIOD OF F I T :  1961 1984 

DATE O f  ESTIHATION:  5 /  4/86 

R-SOUARED(C0RR.): 0.963 SEE: 0.36006 DYt 2.14 

P E R I O D  OF F I T :  1961 1984 

DATE OF E S T I H A T I O N :  3/ 4/86 

2169: IOACHCAUS 1 -1.8527 t 1-2315 CkSTPDAUS - 5.5405 D83 
(-1.0552) (4.5891) (-2.9788) 

R-S2U4RED( (ORR* ) :  0.620 SEE: 1.7453 D Y t  2.12 

PERIOD OF F I T :  1960 1984 

f (  2 r  2 2 i I  20*610 

D A T E  OF E s T I n A T I o n l  31 4 / 0 6  



A-SOUARED(CORR.): 0 . 8 9 2  S E E :  0 .151c+8 p u :  1.87 

PERIOD OF FIT: 1961 1984 

D A T E  OF E S T i R A T I O N :  3 /  4/06 

21761 IOACHCIND m -3.3423 + 1.5337 C R S T P D I N D  - 0.0710 IOEIND 
(-1.6581) (3.2716) (-1.6429) 

R-SOUARLD(CORR,): 0,760 SEE: 1.4283 D Y :  2.06 

PERIOD OF FIT: 1961 1984 

DATE OF ESTIHATION: 3/ 4/86 

R-SOUARED(CORR,): 0.981 SEE:  1.6818 I iUt  2.33 

PERIOD OF FIT: 1961 1984 

DATE OF ESTIHATI3N: 3/ 4/86 

2183: IOACRCMDL = -0.2405 t 0.4262 CRSTPDNDL - 010017 IOHNDL 
(-0.6404) (3.8766) ( - 0 . 3 2 0 5  

R-SQUARED(C0RR.): 0.918 SEE: 0.30609 DY1 3.29 

PERIOD OF FIT: 1961 1984 

DATE OF ESTIUATION: 3 /  4/86 



2186; IOACHCKOR * 0 . 1 3 5 8  t 0 . 5 9 4 2  C R S T f ' l l K O R  - 0.0001 ICl f iKOR 
(1.0799) (5.2129) (-4.4837) 

P E R I U D O F  F I T :  1961 1984 

DATE OF E S T I W A T I O ~ :  3 1  4/86 

+ 0.0175 SCPRDPCHN 
( 1  e1295) 

R-SQUARED(C0RR.): 0.9S9 S E E :  2.1986 

PERIOD OF F I T :  1960 1984 

DATE O f  ESTIt IATlON: 3/ 4/86 

R-SGUARED(C3RR.l: 0.954 SEE: 0159048 

PERIOD OF FIT: 1960 1984 

DATE Of ESTIHATION: 31 4/86 

2194: IOACHCJPM = -3.8594 + 0.5617 CRSTPDJPH t 0.0001 SCPRDPJPN 
(-0.7916) (6.7391) (0.5935 

R-SOUARED\CORRs): 0.984 SEE: 3.2087 

PERIOD OF F I T :  1961 1984 . . 
f (  4 r  19); 359,186 

DATE OF ESTIMATION: 3 1  4 / 8 6  



1198 :  LM IOACHCCSU = 0 .6136 t 0 .5423  L H  C R S T P D C S k  
1 .  ( 4 . 0 0 4 ~ 3 )  

k-SOUARED(C0Rk.): 0 . 9 1 4  S E E :  0 . 5 8 1 7 6 E - 0 1  DU: 1 . 9 3  
RHO(1):  0.787 

PERIODOF F I T :  1960 1984 

DATE Of ESTInATIOn:  3 1  4 / 8 6  

R-SQUARfD(C0RRa): 0 .990 S E E :  2 .1641  DY1 1.79 

PERIOD OF F I T :  1961  1 9 6 4  

DATE OF ESTI t IA l lON:  3 1  4 / 8 6  

R-SQUARED(CORRe):0.957 SEE:  2 .5601 DY: 2.11 

P E R I O D O F F I T :  1961  1 '84  

DATE OF ESl IHATION:  3/ 418s  

24051 IOEXUVCDSUE - -3.0832 t 0.5560 IOfRCDHC2 
( -1 .8037)  ( 4 . 4 9 7 4 )  

R-SQUARED(C0RR.): 0.910 SEE: 2.0892 DY: 1.34 

PERIOD OF F I T :  1 9 6 1  L984 

DATE OF ESTIHATION: 3 /  4 /96  



R-SOlIARED( CORR. : 0.888 SEE : 2.5487 DU: 1.96 

R-SOUARED(C0RR.): 3.934 SEE:  1 . 4 3 0 4  DU: 2 .13  

DATE OF ESTIHATION: 3/  4/86 

R-SOUARED(C0RRo): 0 . 9 8 2  SEE:  I t 0 0 0 8  DU1 0 . 9 3  

P E R I O D  OF FIT: 1961 1984 



R-SOUARED(C0RR.): 0.943 SEE; 1,4665 D Y :  2.76 

PERIOD OF F I T :  1961 1984 

DATE OF ESTIHAlION1 31 4 / 8 3  

2413: IOEXUVCDVEN - -9.2002 + 0.6538 IOFRCDHCZ 
( - 2 . 8 5 2 3 )  (4.1608) 

R-SOUARED(C0RR.): 0.081 SEE: 3.0600 I rY :  1.52 

PERIOD OF FIT: 1961 1984 

DATE OF ESTIHATION: 3/ 4/86 

2414: IOEXUVCDCHL -3.3571 t 0.4213 IOPkCDRC2 
(-1.0006) (2.2510) 

R-SOUARED(C0RR.): 0.771 SEE: 3.8346 

PERIOD OF FIT: 1961 1984 

F 2r 21): 390717 

DATE OF ESTIHATION: 3/ 4/86 

2416: IOEXUVCDPER = -3.0418 t 0.3631 IOPRCDBC2 
(-1.8511) (3.7165) 

R-SOUARED(C0RRe): 0.910 SEE: 1.9458 CY:  2.22 

PERIOD OF FIT: 1961 1984 

DATE OF ESTINATIONt 31 4/86 



2 4 1 7 1  IOEXUVCDLbR m - 5 . 7 9 O 1  + 0 .8272  IOPRCDHC2 
( - 3 . 4 1 9 7 )  ( 1 4 . 0 2 0 2 )  

R-SQUf iRED(C0RR.) :  0 . 8 9 1  S E E :  2 . 1 1 7 7  D Y :  1 . 4 7  

PERIOD OF F I T :  I960 1 9 8 4  

F( l r  23): 196 .565  

DATE OF E S T I N A T I O H :  3 1  4 / 6 6  

2 4 1 8 1  IOEXUVCDHRN - 0 . 2 2 3 2  t 0 . 2 2 3 0  IOPRCDNC2 
( - 0 . 0 0 6 0 )  ( 1 . 8 4 0 3 )  

P E R I O D O F  F I T :  1 9 6 1  1 9 0 4  

DATE OF ESTIHATION:  3 1  4 / R 6  

R-SOUARED(C0RR.):  0 . 9 8 4  SEE: 2 . 1 8 8 2  DU: 1 . 3 0  

P E R I O D O F  F I T :  1961 1 9 8 4  

F (  2 1 2 1 ) :  7 0 7 . 8 5 2  

DATE OF ESTIHATION:  31  4 / 8 6  

R-SOUARED(C0RRe)I  0 . 9 8 3  SEE: 2 . 7 3 4 2  DU: 1 .99 

P E R I O D  O F  F I T :  1961 1 9 8 4  

DATE OF E S T I H A T I O N t  3/ 4 / 8 6  



2422: IOINUVCDDLU m -4.0OSS t 0.6498 I O P R C D H C Z  
( - 2 . 7 3 7 0 )  (3.9112) 

R-84UARED(CORR*)I 0 - 9 6 3  SEE: 2.2487 

PERIOD Of FIT2 1961 1984 

R-SOU4RCD(COIR*)2 0.970 SEE: 1.6261 

DATE 01 ESTIR4fIOMt 3/ 4/86 

2424: IOIRUVCDBIL m -7.0167 t 0.6043 IOPRCDRC2 
4 7  ( 3 e 0 5 9 3 )  

R-SOUARLD(CORR.)l 0 - 9 0 9  SEEI 3.1506 



W - S O U A R E L ( C I ] R R . ) :  0.914 SEE: 3.2098 DU: 1.00 

PERIOD OF Fir: 1961 1984 

F (  21 21): 123.063 

R-SOUARED(C0RRo): 00915 SEE: 2.4825 DY: 1.22 

PERIOD OF FIT: 1961 1984 

2430: IOIHUVCDKOR m -8.3223 t 0.7359 IOPRCDMC2 
(-202966) (3.3861)  

R-SOUARED(CORR.)1 0.838 SEE: 4.1977 DU1 1.44 

PERIOD OF FIT: 1961 1984 

DATE OF ESTIRATIOW: 3 1  4/66 

R-SOUARED(C0RR.): 0.982 SEE: 1.4767 DMZ 2 -01  

PERIOD OF FITt 1961 1984 
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