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FOREWORD 

Understanding the na ture  and dimensions of the world food problem and 
the policies available to  alleviate i t  has been the focal point of IIASA's Food and 
Agriculture Program (FAP) since i t  began in 1977. 

National food systems a re  highly interdependent, and yet the  major policy 
options exist a t  t he  national level. Therefore, to  explore these options, i t  is 
necessary both to develop policy models for national economies and to  link 
them together by trade and capital transfers. Over the  years FAP has, with the  
help of a network of collaborating institutions, developed and linked national 
policy models of twenty countries, which together account for nearly 80 percent  
of important agricultural at t r ibutes such as area, product.ion, population, 
exports, imports and. so  on. The remaining countr ies a re  represented by 14 
somewhat simpler models of groups of countri.es. 

A separate national model of Canada, which is a major agricultural t rader,  
is included in our system of linked models. Several different approaches to  
model Canadian agriculture were tr ied out arid compared with the help of Cana- 
dian specialists from the  University of British Columbia and Agriculture Canada. 
John Graham, H. Bruce Huff and Ralph G. Lattimore have described these 
approaches arid compared them in this paper. 

This working paper is one of a series of Working Papers documenting the 
work tha t  went into developing the various models of FAP's system of linked 
models. 

Kirit S. Parikh 
Program Leader 

Food and Agriculture Program. 
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BACKGROUND 

The I n t e r n a t i o n a l  I n s t i t u t e  f o r  App l ied  Systems A n a l y s i s  ( IIASA) i s  

f unded  by t h e  academies  of s c i e n c e  o f  17 d i f f e r e n t  n a t i o n s .  The o b j e c t i v e s  

o f  t h e  I n s t i t u t e  are two fo ld :  

1.  The promot ion  o f  i n t e r n a t i o n a l  c o l l a b o r a t i o n  by b r i n g i n g  

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

d i s c i p l i n e s ,  

2 .  To c o n t r i b u t e  t o  t h e  advancement of t h e  s c i e n c e s  and sys tems  

a n a l y s e s  and an  a p p l i c a t i o n  of t h e s e  two problems of 

i n t e r n a t i o n a l  impor tance .  

The Food and A g r i c u l t u r e  Program (FAP) a t  IIASA h a s  as i ts o b j e c t i v e  

a n  e v a l u a t i o n  of t h e  n a t u r e  and d imens ions  of t h e  wor ld  food s i t u a t i o n  o v e r  

t h e  n e x t  10 t o  15 y e a r s .  I t  a i m s  t o  i d e n t i f y  f a c t o r s  a f f e c t i n g  t h e  wor ld  

Food s i t u a t i o n  by s t u d y i n g  t h e  growth p r o c e s s e s  o f  d i f f e r e n t  c o u n t r i e s  and 

how n a t i o n a l  p o l i c i e s  o f  b o t h  deve loped and  deve lop ing  n a t i o n s  impact  on  t h e  

s i t u a t i o n .  The r e s e a r c h  s t r a t e g y  is t o  deve lop  economic m d e l s  of a b o u t  20 

d i f f e r e n t  c o u n t r i e s ,  t o  l i n k  t h e s e  th rough i n t e r n a t i o n a l  t r a d e  and t h e n  t o  

s t u d y  t h e i r  economies a n d  growth p r o c e s s e s .  I t  is  recogn ized  t h a t  t h e  wor ld  

f o o d  s i t u a t i o n  can  b e s t  be s t u d i e d  by c o n s i d e r i n g  t h e  programs and p o l i c i e s  

o f  i n d i v i d u a l  n a t i o n s  and it i s  t h e s e  p o l i c i e s  and t h e  r e s o u r c e s  and tech-  

n o l o g i e s  of each of t h e s e  i n d i v i d u a l  n a t i o n s  t h a t  w i l l  i n  t h e  long  run  de t -  

e rmine  p r o d u c t i o n  c a p a c i t i e s .  On t h i s  b a s i s  r e s e a r c h  teams f rom d i f f e r e n t  

n a t i o n s  have assembled  and are deve lop ing  n a t i o n a l  economic m d e l s  which a r e  

l i n k e d  th rough i n t e r n a t i o n a l  t r a d e .  The completed sys tem w i l l  a l l o w  f o r  an  

e v a l u a t i o n  of n a t i o n a l  and g l o b a l  p o l i c y  a l t e r n a t i v e s  as they  r e l a t e  to f ood  

problems and o t h e r  economic i s s u e s .  



Countr ies c u r r e n t l y  included i n  F A P ' s  model system were se lec ted  

according t o  two c r i t e r i a .  F i r s t ,  toge ther  they comprise about 8 0  per- 

cen t  of the wor ld 's  populat ion,  land base,  a g r i c u l t u r a l  product ion and 

t h e  expor ts  and imports of a g r i c u l t u r a l  products.  A second cons idera t ion  

was t h a t  count r ies  inc luded be both from developing and developed cate- 

go r i es ,  and a s  a consequence most of the  important count r ies  from a t rade  

po in t  of view a r e  included. 

1.1 The Linkage System and Commodity Aggregation 

The development of a work program and the  computational require- 

ments f o r  a l inked i n t e r n a t i o n a l  t r ade  system have resu l t ed  i n  c e r t a i n  

bas i c  requirements being s t i p u l a t e d  f o r  each of t he  count r ies  involved: 

1. Commodities t o  be t raded by a l l  coun t r i es  should fol low a 

common commodity c l a s s i f i c a t i o n  ( i . e . ,  18 a g r i c u l t u r a l  and 

1 nonaqr i cu l t u ra l ) .  

2.  A count ry ' s  import and export  requirements f o r  each of these  

a r e  a func t ion  of world commodity p r i ces .  

3. Import and expor t  requirements a r e  generated on a year ly  

bas i s  and a coun t r y ' s  supply of a commodity is  a func t ion  

of p r i c e s  f o r  t h e  previous year. The world p r i c e  is 

determined by equat ing domestic demands and f i xed  supp l i es  

f o r  each of t h e  t raded commodities. 

These requirements imply t h a t  each w d e l  be c losed i n  t h e  sense 

t h a t  t he  t o t a l  economy is  considered,  t h a t  t h e  model be recurs ive ly  

dynamic because t o t a l  world supply i s  predetermined and t h e  models 



opera te  i n  one-year increments over a  10 t o  15 year  time hor izon. No 

r e s t r i c t i o n s  a r e  placed on the  est imat ion procedures adopted by d i f f e r e n t  

p a r t i c i p a t i n g  coun t r i es .  Both mathematical programming and econometric 

methods a r e  cu r ren t l y  being used. Table 1 i n d i c a t e s  t h e  commodity c lass-  

i f i c a t i o n  considered f o r  t raded goods. Two l e v e l s  of aggregat ion a r e  

noted with the  d e t a i l e d  commodity c l a s s i f i c a t i o n  represent ing  t h e  f i n a l  

goal .  Current ly  some models have been disaggregated to t h i s  l e v e l ,  while 

o the r  na t iona l  economies a r e  represented a t  the  m r e  aggregated l eve l .  

D i f fe ren t  coun t r i es  w i l l  use d i f f e r e n t  po l icy  instruments f o r  

many of t he  commodities ind ica ted  and the  e f f e c t s  of these as  they in f lu -  

ence both na t i ona l  and i n t e r n a t i o n a l  t r a d e  p r i c e s  may be examined using 

t h e  l inked system of na t i ona l  models. Product ion and t r a d e  a l t e r n a t i v e s ,  

changes i n  product ion s t r u c t u r e s  and income r e d i s t r i b u t i o n  a l t e r n a t i v e s  

( impor tant  f o r  many coun t r i es )  may a l s o  be inves t iga ted  by i n te res ted  

po l i cy  makers. The system of l inked na t iona l  models a l s o  permits an 

eva lua t ion  of a  number of i n t e r n a t i o n a l  po l i cy  i ssues .  For example, t h e  

workings of an i n t e r n a t i o n a l  bu f fe r  s tock agency o r  t h e  e f f e c t s  of 

i n t e r n a t i o n a l  food t r a n s f e r s  may be examined. 

1.2 Ex is t i ng  Country Models 

Countr ies included i n  FAP's programs represent  over 80% of t he  

wor ld 's  populat ion,  a g r i c u l t u r a l  product ion and t r a d e  (See Table 2 ) .  

National  models of t h e  U.S.A., Japan, the European Economic Community and 

Canada represent  t h e  most important t r ad ing  na t ions .  .Amongst t h e  



Table 1. Commodity L i s t  a t  the Deta i led  and 9 Commodity Level 

Condensed Model Deta i led Model 
Unit of Unit of 

No. Commodity Measurement No. Commodity Measurement 

1 Wheat 10 m . t .  1 Wheat 10 m . t .  
- 2  Rice, m i l led  10 m . t .  2 Rice, m i l led  10 m . t .  

4 Bovine and 10 m . t .  7 Bovine and 10 m . t .  
ovine meats ( c a r c a s s  weight)  ovine meats ( c a r c a s s  weight)  

5 Dairy 10 m . t .  10 Dairy 10 m . t .  
products f r e s h  milk equiv.  products  ( p r o t .  equ iv . )  

6 Other animal 10 m . t .  8 Pork 10 m . t .  
products ( p r o t  . equiv. ) ( c a r c a s s  weight)  

9 Pou l t ry  & eggs 10 m . t .  
( p r o t .  equiv.  ) 

13 F ish  10 m . t .  
( p r o t .  equiv . )  

7 Pro te in  feeds 10 m . t .  5 Pro te in  feeds 10 m . t .  
f r e s h  milk equiv.  ( p r o t .  equ iv . )  

8 Other food m i l l .  US$( 1970) 4 O i l s  and f a t s  10 m . t .  
( o i l  equiv . )  

6 Sugar products  10 m. t. 
( r e f .  sugar )  

11 Vegetables m i l l .  US$ ( 197 0 ) 
12 F r u i t  & nuts  m i l l .  US$( 1970) 
14 Coffee 10 m . t .  
15 Cocoa, t e a  & 

t h e i r  products  m i l l .  US$(1970) 

9 Nonfood 17 Clothing f i b r e s  m i l l .  US$( 1970) 
a g r i c u l t u r e  m i l l .  US$( 1970) 18 I n d u s t r i a l  c rops m i l l .  USS(1970) 

10 Nonagricul ture 19 Nonagricul ture m i l l .  US$(1970) 



Table 2. Percentages of World Popula t ion,  Product ion of 
Ag r i cu l t u ra l  Commodities, Land Base, and A g r i c u l t u r a l  Trade 

i n  1976a 

Pop- pro- Land 
Country u l a t i o n  duc t  i on  base Imports Exports 

Percent  

US 5.3 12.3 9.8 8.07 8.85 
Aus t ra l i a  0.3 1.6 1.3 0.25 5.00 
New Zealand 0 .1  0.5 0 .1  0.14 2.09 
Canada 0.6 1.2 2.0 1.99 3.25 

E C 
Japan 
Aus t r i a  
Sweden 
Finland 

Sub-Total 25.0 46.9 34.8 72.53 6 2 . 0 1  

Pak i s t  an 1.8 0.9 1.4 0.34 0.34 
China 21.4 13.2 17.3 1.64 1.81 
Niger ia  1.6 0.5 1.6 0.50 0.40 
Argentina 0.6 2.0 1.7 0.14 2.86 
Indones ia  3.4 1.6 1.5 0.64 1.02 

Turkey 
Mexico 
Thai land 
B raz i l  

Bangladesh 1.9 0.7 1.1 0.34 0.11 

E W P ~  1.0 0.7 0.3 0.94 0.56 
I nd ia  15.5 6.7 14.6 1.06 1.30 
Kenya 0.3 0.2 0.2 0.06 0.33 

Sub-Total 53.8 35.4 47.7 7 .08 17.29 
To ta l  78.8 82.3 82 .5  79.6 1 79 .30  

developing na t i ons  one f i n d s  Bangladesh, B r a z i l ,  Indones ia ,  Kenya, Niger ia 

and o t h e r s .  China and t h e  CMEA c o u n t r i e s  a r e  a l s o  inc luded.  



The r e s e a r c h  e f f o r t  invo lved i n  a t te inp t ing  t o  m d e l  each of t h e s e  

c o u n t r i e s  is  enormous. I n i t i a l l y ,  a s p e c i f i c  group of c o u n t r i e s  were 

s e l e c t e d  and modeled: t h e  European Economic Community ( a  developed,  

n e a r l y  s e l f - s u f f i c i e n t  market economy), I n d i a  ( a  deve lop ing market econ- 

omy wi th  n u t r i t i o n a l  problems) and Hungary ( a  c e n t r a l l y  p lanned economy 

w i t h  a food s u r p l u s ) .  The d e t a i l  invo lved i n  t h e s e  m d e l s  is a t  t h e  

19-commodity l e v e l  of d i s a g g r e g a t i o n  and p a r t i c u l a r  a t t e n t i o n  is pa id  to 

r e p r e s e n t i n g  t h e  s t r u c t u r e  of t h e s e  economies a s  a c c u r a t e l y  a s  p o s s i b l e .  

Research teams from i n s t i t u t i o n s  f o r  each of t h e s e  c o u n t r i e s  w e r e  r e s p n -  

s i b l e  f o r  model development. 

A second s t a g e  of t h e  program h a s  invo lved t h e  development of 

" s i m p l i f i e d "  models f o r  most of t h e  c o u n t r i e s  i n d i c a t e d  i n  Tab le  2 .  The 

l e v e l  of aggrega t ion  f o r  t h e s e  is a t  t h e  10-commodity l is t  and t h e  s t r a t -  

egy invo lved is t o  r e p l a c e  t h e s e  s i m p l i f i e d  coun t ry  models w i t h  d e t a i l e d  

c o u n t r y  models a s  soon a s  t h e s e  a r e  developed and v a l i d a t e d .  One may 

s t u d y  i n t e r n a t i o n a l  t r a d e  e f f e c t s  because a framework f o r  doing so is 

a v a i l a b l e  and a s  d e t a i l e d  and v a l i d a t e d  count ry  models a r e  developed t h e  

e n t i r e  model framework becomes more a c c u r a t e  and r e l i a b l e .  These s impl i -  

f i e d  count ry  models t h e r e f o r e  r e p r e s e n t  an i n t e r m e d i a t e  s t u d y  i n  t h e  

e v o l u t i o n  of t h e  r e s e a r c h  program; t h e y  s u c c e s s f u l l y  i n c o r p o r a t e  t h e  

major  s t r u c t u r a l  components of t h e  economy of each coun t ry  b u t  t h e  d e t a i l  

i s  l ack ing .  P o l i c y  a s p e c t s  a r e  g e n e r a l l y  ignored a s  a r e  some o t h e r  

impor tant  components. 

I n  t h e  development of each of t h e  d e t a i l e d  models it is FAP's 

p o l i c y  t o  a t tempt  t o  i nvo lve  l o c a l  e x p e r t i s e  and l o c a l  i n s t i t u t i o n s .  An 



i n t e r n a t i o n a l  network of model ing groups was e s t a b l i s h e d  and t h e s e  groups 

work c l o s e l y  w i th  FAP. D e t a i l e d  models f o r  t h e  fo l l ow ing  c o u n t r i e s  a r e  

c u r r e n t l y  under development: A u s t r i a ,  B r a z i l ,  Bangladesh, China, CMEA, 

EC, Egypt, Japan ,  Kenya, Tha i land ,  t h e  U.S.A. and Canada. There a r e  

c o u n t r i e s  a l s o  c o l l a b o r a t i n g  w i t h  FAP and no t  i nc luded  i n  t h e  o r i g i n a l  

group of 20 .  I nc luded  a r e  F in land ,  Poland and Turkey,  where l o c a l  

i n s t i t u t i o n s  a r e  deve lop ing d e t a i l e d  n a t i o n a l  m d e l s  . C o l l a b o r a t i o n  is 

st i l l  r e q u i r e d  from Argen t ina ,  A u s t r a l i a ,  I ndones ia ,  Mexico, New Zealand,  

N ige r ia  and P a k i s t a n  i n  o r d e r  t o  complete d e t a i l e d  models from t h e s e  

c o u n t r i e s .  I t  shou ld  be noted t h a t  i n  some of t h e s e  c o u n t r i e s  d e t a i l e d  

a g r i c u l t u r a l  models have a l r e a d y  been developed and it is merely a  m a t t e r  

o f  making t h e  r e q u i r e d  r e s o u r c e s  and funds a v a i l a b l e  i n  o r d e r  t o  ach ieve  

cons is tency  and l inkage.  

Hence, t h e  long-run working program c a l l s  f o r  d e t a i l e d  count ry  

models t o  be developed and main ta ined by n a t i o n a l  r e s e a r c h  i n s t i t u t i o n s .  

The i n t e r n a t i o n a l  l i n k a g e  system w i l l  prov ide  a  s o l u t i o n  a lgo r i thm f o r  

t r a d e d  i tems  i n  one-year increments  over  a  15-year p lann ing  hor izon.  

Long-run t r e n d s  i n  t h e  wor ld p r i c e s  f o r  each of t h e  t r a d e d  i tems a r e  

g i ven  and t h e s e  r e l a t i v e  p r i c e s  may be used as  in fo rmat ion  i n  t h e  plann- 

i n g  p rocesses  f o r  each of t h e  c o u n t r i e s  invo lved.  The program emphasizes 

t h e  r o l e  t h a t  n a t i o n a l  p o l i c i e s  p l a y  i n  de te rm in ing  t h e  d i r e c t i o n  of 

growth f o r  each n a t i o n a l  economy and t h e  e f f e c t  of t h e s e  growth p a t t e r n s  

on i n t e r n a t i o n a l  t r a d e .  

The development of a  Canadian m d e l  w i t h i n  t h e  IIASA world food 

model system is  viewed a s  a  c o o p e r a t i v e  e f f o r t  of advantage t o  a l l .  Each 



coun t ry  would have access  t o  methodological  e x p e r t i s e  of IIASA and p a r t i c -  

i p a t e  i n  t h e  l i n k i n g  of t h e  Canadian model w i th  o t h e r  coun t ry  models. I n  

t h e  development of t h e  Canadian model some s p e c i f i c  i n s t i t u t i o n a l  informa- 

t i o n  and p o l i c i e s  a r e  inco rpora ted .  An a t tempt  has been made t o  deve lop a 

f u n c t i o n i n g  model capab le  of p rov id ing  in fo rmat ion  on some of t h e  i s s u e s  

mentioned above. 

1.3 The Work t o  Date 

A t y p i c a l  FAP g e n e r a l  e q u i l i b r i u m  type  model w i l l  g e n e r a l l y  con- 

sist of f o u r  impor tan t  components o r  s e c t o r s  -- t h e  a g r i c u l t u r a l  supp ly  

module, t h e  n o n a g r i c u l t u r a l  s e c t o r ,  t h e  government s e c t o r  and a demand 

module. T h i s  r e p o r t  covers  work a t tempted f o r  t h e  a g r i c u l t u r a l  supp ly  

s e c t o r  on ly ;  t h e  remain ing components w i l l  be covered s e p a r a t e l y .  

I n  t h e  s e c t i o n  t h a t  fo l l ows  some Canadian p o l i c y  i s s u e s  a r e  

addressed  t h a t  a model of  t h e  FAP t y p e  may a t t e m p t  t o  i n c o r p o r a t e .  I t  i s  

argued t h a t  n a t i o n a l  p o l i c i e s  determine and i n f l u e n c e  p roduc t ion  p a t t e r n s  

i n  i n d i v i d u a l  c o u n t r i e s  and consequent ly  t h e s e  i s s u e s  must be addressed  

and i n c o r p o r a t e d  i n t o  t h e  s t r u c t u r e  of t h e  proposed model framework. 

Fol lowing t h i s ,  d e t a i l s  of t h e  b a s i c  l i n k e d  m d e l  (Canadian) a s  developed 

by F i s c h e r  and Frohberg ( 1 9 8 0 )  a r e  p resen ted .  A s  a s t a r t i n g  p i n t  i n  t h e  

development of a m r e  d e t a i l e d  Canadian model it was u s e f u l  t o  examine 

t h i s  model. A s  w e l l ,  a more r e f i n e d  v e r s i o n  is presen ted  a t t e m p t i n g  t o  

overcome some of its shortcomings.  Another a l t e r n a t i v e  s p e c i f i c a t i o n  is 

based on a s t a n d a r d  econometr ic  model l ing approach. F i n a l l y ,  t h e  r e p o r t  

d e t a i l s  some of t h e  d i f f i c u l t i e s  encountered i n  l i n k i n g  d o m e w  p r i c e s  t o  
\ 

t h o s e  of t h e  world. 



2 .  POLICY CONSIDERATIONS 

Nat iona l  p o l i c i e s  a s  implemented by a government of a coun t ry  a r e  

o f  c r i t i c a l  importance i n  t h e  FAP model system. A f t e r  a l l ,  it is such 

p o l i c i e s  t h a t  de termine a g r i c u l t u r a l  p roduc t ion  p a t t e r n s  i n  a c o u n t r y  and 

u l t i m a t e l y  world t r a d i n g  p a t t e r n s  ( P a r i k h ,  1981 1. On an ex post b a s i s  

t h e  FAP model cove rs  t h e  p e r i o d  1961 t o  1980. On an ex a n t e  basis a 

10-15 y e a r  h o r i z o n  is a p p r o p r i a t e .  Given t h e s e  requ i remen ts  it is neces- 

s a r y  t o  a t tempt  t o  c o n c e p t u a l i z e  an a g r i c u l t u r a l  model t h a t  adequa te l y  

i n c o r p o r a t e s  p a s t  and p o s s i b l e  f u t u r e  p o l i c i e s  i n  some manner. Many 

p o l i c i e s  a r e  commodity- o r  r e g i o n - s p e c i f i c ,  t hey  a r e  o p e r a t i v e  f o r  t ime 

p e r i o d s  o f  v a r y i n g  l e n g t h ,  t hey  a r e  implemented by d i f f e r i n g  l e v e l s  of 

government and t h e i r  impacts  have d i f f e r e d .  I t  is  a l s o  impor tan t  t o  t r y  

and  a n t i c i p a t e  some f u t u r e  p o l i c y  d i r e c t i o n s  and a t t e m p t  to i n c o r p o r a t e  

some of t h e i r  components i n t o  t h e  s t r u c t u r e  of t h e  m d e l  developed. 

Wi th in  an i n t e r n a t i o n a l  s e t t i n g  some p o l i c i e s  t h a t  may be ana lyzed  have 

been o u t l i n e d  by P a r i k h  ( 1981 ) . I n  t h i s  s e c t i o n  of t h e  paper  we  b r i e f l y  

o u t l i n e  i n  a g e n e r a l  manner Canadian p o l i c y  a s p e c t s  of i n t e r e s t .  Fu the r  

d e t a i l s  concern ing p o l i c i e s  d i r e c t e d  a t  s p e c i f i c  comnodi t ies  a r e  noted i n  

S e c t i o n  3 .  

2.1 Earlier Policy Developments 

Menzie ( 1980 ) i n  rev iew ing  t h e  development of Canadian a g r i c u l -  

t u r a l  p o l i c y  ove r  a 50-year p e r i o d  (1929-1979) concluded t h a t  p o l i c i e s  

t h a t  have emerged have i n d i c a t e d  a c o n s i s t e n t  and b a s i c  theme. Farmers 

have s t r u g g l e d  f o r  g r e a t e r  b a r g a i n i n g  power and one r e s u l t  h a s  been 

n a t i o n a l  market ing  boards .  Farmers have sought  improved p r i c e  and 



income s e c u r i t y  and t h i s  has  a l s o  been ob ta ined  through t h e  a c t i o n s  of 

v a r i o u s  producer  market ing  boards and through income s t a b i l i z a t i o n  l e g i s -  

l a t i o n  enac ted  both by p r o v i n c i a l  and f e d e r a l  governments. 

I n  1979, t h e r e  were more than  100 market ing  boards i n  Canada hand- 

l i n g  over  50 p e r c e n t  of a l l  a g r i c u l t u r a l  s a l e s .  Market ing boards e x i s t  

f o r  g r a i n s ,  m i l k ,  p o u l t r y ,  po rk ,  f r u i t  and vege tab les .  Severa l  of t h e  

boards a r e  n a t i o n a l  i n  scope wh i le  o t h e r s  a r e  p r o v i n c i a l .  T h e i r  r o l e  

v a r i e s  from mere promotion t o  a more c o n t r o l l e d  s i t u a t i o n  where bo th  mark- 

e t  p r i c e s  and p roduc t ion  q u o t a s  a r e  s e t .  The Canadian Wheat Board es tab-  

l i s h e d  i n  1935 w a s  given f u l l  c o n t r o l  ove r  commercial ly marketed wheat i n  

1943. Th is  p o l i c y  has con t inued  to t h e  p r e s e n t  t ime -- i ts  impact on t h e  

e n t i r e  a g r i c u l t u r a l  i n d u s t r y ,  upon t h e  total  Canadian economy and to a 

c e r t a i n  e x t e n t  on t h e  i n t e r n a t i o n a l  market f o r  wheat cannot  be ignored.  

Concerns about  income s t a b i l i t y  and low farm incomes r e l a t i v e  to 

nonfarm incomes have a l s o  r e s u l t e d  i n  p o l i c i e s  d i r e c t e d  to t h i s  end. 

Dur ing t h e  1940 's  and e a r l y  5 0 ' s  p r i c e  s u p p o r t s  were prov ided.  I n  1958 

t h e  A g r i c u l t u r a l  S t a b i l i z a t i o n  Act was passed,  whereby p r i c e s  f o r  n ine  

commodities were t o  be main ta ined a t  80% o f  t h e  p rev ious  10-year average 

p r i c e  - payments under t h i s  program were f a i r l y  smal l .  More r e c e n t l y  

(1975)  s t a b i l i z a t i o n  l e g i s l a t i o n  s u p p o r t s  p r i c e s  a t  90% of  t h e  average 

market  p r i c e  over  t h e  p a s t  5 y e a r s  a d j u s t e d  f o r  changes i n  cash p roduc t ion  

c o s t s .  Commodities covered i n c l u d e  i n d u s t r i a l  mi lk  and cream, beef 

c a t t l e ,  hogs, sheep and lambs, co rn ,  soybeans and o a t s  and b a r l e y  grown 

o u t s i d e  t h e  des igna ted  Canadian Wheat Board a r e a .  Also, under t h e  Western 

Gra in  S t a b i l i z a t i o n  Act g r a i n  producers  r e c e i v e  payments when r e c e i p t s  



d r o p  below t h e  p r e v i o u s  f i ve -year  average a d j u s t e d  f o r  changes i n  produc- 

t i o n  c o s t s .  Crop insu rance  programs a l s o  o p e r a t e  and i n  a d d i t i o n  i n  many 

p rov inces  o p e r a t e  s t a b i l i z a t i o n  programs. 

Aside from t h e s e  major  p o l i c y  i n i t i a t i v e s  t h e r e  a r e  obv ious ly  o t h e r  

measures t h a t  i n f l u e n c e  a g r i c u l t u r a l  growth and p r o d u c t i v i t y  and t h e r e  a r e  

a l s o  p o l i c i e s  d i r e c t e d  a t  income e q u i t y  and t h e  urban popu la t ion .  Farm 

c r e d i t  programs, a g r i c u l t u r a l  e x t e n s i o n  and r e s e a r c h  programs, t h e  A g r i -  

c u l t u r a l  R e h a b i l i t a t i o n  and Development Act of 1961, v a r i o u s  market ing 

programs and o t h e r s  have a l l  i n f l uenced  t h e  d i r e c t i o n  a g r i c u l t u r e  has  tak-  

en .  I n  t h e  c o n c e p t u a l i z a t i o n  of t h e  m d e l  p r e s e n t e d  an a t t e m p t  has been 

made t o  i n c o r p o r a t e  t h e s e  components. P a r t i c u l a r  a t t e n t i o n  is given t o  t h e  

r o l e  of p r i c e  fo rmat ion  a s  i n f l u e n c e d  by market ing  boards and t h e  r o l e  

p layed by t h e  Canadian Wheat Board. 

2.2. Current Policy Issues 

Cur ren t  f e d e r a l  government p o l i c i e s  and programs have a s  t h e i r  

o b j e c t i v e  t h e  a t t a i n m e n t  of e f f i c i e n c y ,  growth, e q u i t y  and food q u a l i t y  i n  

t h e  a g r i c u l t u r e - f o o d  system. I t  is h i g h l y  l i k e l y  t h a t  t h e s e  o b j e c t i v e s  

w i l l  no t  change i n  t h e  n e a r  f u t u r e .  Given t h i s  very broad c a t e g o r i z a t i o n ,  

some s p e c i f i c  programs have been developed t o  promote t h e s e  goa ls .  Inc lud-  

e d  a r e  such a c t i v i t i e s  a s  t h e  promotion of a g r i c u l t u r a l  r e s e a r c h ,  r e s e a r c h  

and development i n c e n t i v e  programs f o r  secondary i n d u s t r i e s ,  market  inform- 

a t i o n  programs, e x p o r t  market  development s e r v i c e s ,  a g r i c u l t u r a l  s t a b i l i z -  

a t i o n  programs, t r a d e  and t a r i f f  measures and so f o r t h .  The in terdepend-  

ence between s e c t o r s  and between t h e  d i f f e r e n t  l e v e l s  w i t h i n  a s e c t o r  a s  

t h e s e  programs a r e  developed must be recogn ized and in fo rmat ion  is 



r e q u i r e d  on t h e  d i s t r i b u t i o n  of t h e s e  b e n e f i t s  by r e g i o n ,  by type of pro- 

ducer ,  by s i z e  of farm, by p a r t i c i p a n t  i n  t h e  a g r i c u l t u r a l  food c h a i n  and 

so f o r t h .  

I t  is p o s s i b l e  t o  d e t a i l  some of t h e s e  p o l i c i e s  a s  s e t  o u t  i n  a 

r e p o r t  on a g r i c u l t u r a l  development s t r a t e g i e s  t o  t h e  M in is t r y  of S t a t e  

f o r  Economic Development. Seven a r e a s  a f f e c t i n g  development a r e  i n d i c a t -  

ed. I t  would a l s o  seem necessary  t o  a t tempt  to i n c o r p o r a t e  mst of t h e s e  

a s p e c t s  i n  t h e  m d e l  developed and an a n a l y s i s  of t h e s e  i s s u e s  shou ld  

a l s o  be at tempted.  

1. Research and Development 

Techno log ica l  change has p layed  a key r o l e  i n  f r e e i n g  l a b o r  resources  

f o r  use i n  o t h e r  s e c t o r s ,  i n  a l l ow ing  p r o d u c t s  t o  be compet i t i ve  i n  

wor ld markets ,  i n  keep ing food expend i tu res  low r e l a t i v e  t o  income and 

i n  improving t h e  q u a l i t y  and v a r i e t y  of food p roduc ts .  I n  t h e  pr imary 

a g r i c u l t u r a l  supp ly  s e c t o r  b a s i c  and a p p l i e d  r e s e a r c h ,  and t h e  t rans -  

f e r  of t h e s e  r e s u l t s  t o  t h e  o p e r a t i n g  farm l e v e l ,  w i l l  con t inue  t o  

r e c e i v e  h igh  p r i o r i t y .  It may be expected t h a t  ove r  a 10 t o  15 y e a r  

h o r i z o n  some f a i r l y  s i g n i f i c a n t  changes may occur .  Nor thern  a g r i c u l -  

ture is being cons ide red ,  t h e r e  a r e  s c i e n t i s t s  deba t ing  t h e  merits of 

summerfallow, new lower grades of  wheat o f f e r  p o t e n t i a l  f o r  expansion 

i n  y i e l d s ,  t h e r e  is i n c r e a s e d  i r r i g a t i o n ,  d ra inage  and snow c o n t r o l ,  

t h e r e  a r e  programs aimed a t  t h e  p reven t ion  of s o i l  degrada t ion  through 

s a l i n i z a t i o n ,  compaction and e r o s i o n ,  t h e r e  a r e  p r o j e c t s  examining 

energy-reducing methods and so  f o r t h .  The knpact of these  programs 

w i l l  vary  by commodity. I t  would be extemely u s e f u l  i f  t h i s  p r o j e c t  

c o u l d  p rov ide  in fo rmat ion  on some of t h e s e  m r e  s p e c i f i c  research  



programs. The b e n e f i t s  and c o s t s  involved i n  t hese  developments a r e  

important .  

2. Market Development 

Growth i n  t h e  Canadian domestic food market i s  l im i t ed  by r e l a t i v e l y  

s t a b l e  p e r  c a p i t a  food demand and by low r a t e s  of i nc rease  i n  popul- 

a t i o n .  Income growth obv ious ly  a l lows f o r  an expanded market, pa r t -  

i c u l a r l y  f o r  t hose  h igh q u a l i t y  food p roduc ts  w i th  h igh income e l a s t -  

i c i t i e s  (e .g .  meats o r  food away from home). Also of h igh p r i o r i t y  

i s  t h e  development of expor t  markets,  p a r t i c u l a r l y  f o r  t h e  g ra i ns  and 

l i v e s t o c k  s e c t o r s .  The Wheat Board s a l e s  po l i c y  has tended to con- 

c e n t r a t e  on t r a d i t i o n a l  markets and h igh-qual i ty  wheats, bu t  increas-  

i n g l y  evidence is t h e r e  t h a t  t h e  market f o r  lower grade wheat and t h e  

markets i n  deve lop ing coun t r i es  a r e  growing mst r ap id l y .  Programs 

which encourage an e f f i c i e n t  and market-or iented production-process- 

i ng -d i s t r i bu t i on  system are c r i t i c a l .  E f f i c i e n c i e s  to be gained from 

a l i b e r a l i z a t i o n  of t r a d e  a r e  a l s o  impor tant  and a r e  expected to 

r ece i ve  p r i o r i t y  i n  t r a d e  nego t i a t i ons .  It would of course be use fu l  

t o  measure we l fa re  l o s s e s  assoc ia ted  wi th  t h e s e  b a r r i e r s  and i n  t h e  

longer  run measure t h e  ga ins  t h a t  coun t r i es  may exper ience i f  some of 

t h e s e  b a r r i e r s  a r e  reduced. On t h e  o t h e r  hand, it has a l s o  been 

argued t h a t  a s t a b l e  domestic market is requ i red  to p r o t e c t  c e r t a i n  

a g r i c u l t u r a l  s e c t o r s  a t  c e r t a i n  t i m e s  from low c o s t  imports,  espec- 

i a l l y  when t hese  r e s u l t  from a g r i c u l t u r a l  and t r a d e  p o l i c i e s  of t h e  

expo r t i ng  c o u n t r i e s  involved.  Again, t h e s e  a r e  impor tant  po l i c y  

i s s u e s  f o r  which t h e  IIASA model framework may prov ide some in- 

s i g h t s .  



3. Market S t a b i l i z a t i o n  

F luctuat ions i n  a g r i c u l t u r a l  commodity supp l ies  and p r i c e s  a r e  of 

concern because of t h e  high investment c o s t s  assoc ia ted  with Inany 

farming e n t e r p r i s e s .  Agr icu l tu ra l  p o l i c i e s  aimed a t  counter ing t h i s  

v a r i a b i l i t y  inc lude p r i c e  and income assurance p o l i c i e s ,  supply 

management p o l i c i e s  and t r a d e  p o l i c i e s .  Questions may be ra i sed  

whether the  balance among these th ree  aproaches is  e f f e c t i v e  and 

whether a proper emphasis between income and p r i ce  s t a b i l i t y  versus 

o ther  goals i s  achieved. 

Under the  Ag r i cu l t u ra l  S t a b i l i z a t i o n  Act and the  Western Grain 

S t a b i l i z a t i o n  Act payments a r e  made to producers when market p r i ce  of 

a commodity, ad jus ted  f o r  cash product ion c o s t s ,  f a l l s  below the  av- 

erage fo r  t he  base per iod.  The program obviously aims a t  p ro tec t i ng  

producers aga ins t  v i o l e n t  swings i n  the  market. I t  t r i e s  t o  avoid 

d i s t o r t i n g  under ly ing supply and demand r e l a t i o n s h i p s  and it a l so  

a t tempts  t o  p reserve  reg iona l  comparative advantages. The concern i n  

t h e  admin is t ra t ion  of such programs is t o  avoid in t roduc ing r ig id -  

i t i e s  and excess ive p r o f i t s  i n t o  the  system and ye t  mainta in  s t a b l e  

product ion and adequate incomes f o r  producers.  The i n t e r e s t s  of a l l  

s e c t o r s  inc lud ing producers,  p rocessers ,  d i s t r i b u t o r s ,  r e t a i l e r s  and 

consumers need t o  be considered. Where quotas e x i s t ,  quest ions a r i s e  

a s  t o  how e x i s t i n g  o r  new quotas may be rea l l oca ted  between regions 

i n  accordance with changes i n  reg iona l  comparative advantages and i n  

ways t o  meet reg iona l  and na t iona l  economic development ob jec t i ves .  

I t  is a l s o  important t o  ensure t h a t  p roduc t i v i t y  gains a r e  always 

t rans fe r red  t o  t h e  market. 



On t h e  supply management s i d e ,  i n d u s t r i a l  milk and p u l t r y  

products  a re  covered a t  the  f ede ra l  l eve l ;  t h e r e  a r e  a l s o  a few 

commodities managed a t  the  p rov inc ia l  l eve l .  The Canadian Wheat 

Board through the  use of de l i ve ry  quotas a l s o  con t ro l s  t he  flow of 

wheat, o a t s  and bar ley  t o  the market. Under the  General Agreement on 

T a r i f f s  and Trade a country may e s t a b l i s h  import quotas to p ro tec t  

domestic supply management programs. Therefore,  f o r  these  commodi- 

t i e s  con t ro l s  on imports e x i s t .  

Turning t o  t r ade  measures, temporary t a r i f f  surcharges have been 

used t o  p r o t e c t  domestic producers from temporar i ly  depressed i n t e r  

na t i ona l  markets and when domestic product ion f a l l s  shor t  imports a r e  

negot ia ted.  Canada is  a l s o  involved i n  a cont inu ing e f f o r t  to s tab i -  

l i z e  world g ra in  markets through some form of p r i ce -bu f fe r  stock 

management. 

4 .  Regional Development Programs 

With t he  development of t h e  energy indus t ry  i n  t h e  Western provinces 

some f a i r l y  dramat ic reg iona l  growth changes a re  cu r ren t l y  tak ing 

p lace  i n  Canada. Quest ions a r e  ra i sed  a s  to how the  development of 

t h e  primary and secondary i n d u s t r i e s  should be d i rec ted .  A t  the  

f ede ra l  l e v e l  such p lans  involve t h e  Department of Regional Economic 

Expansion, t he  Department of Indust ry ,  Trade and Commerce and A g r i -  

c u l t u r e  Canada. A development s t r a t e g y  prov id ing f o r  e f f i c i ency ,  

growth and equ i ty  between reg ions is obviously des i rab le  but dev is ing 

programs t o  achieve t h i s  balance is a l s o  d i f f i c u l t .  A reg ional iza-  

t i o n  of t he  model may be des i rab le .  



5. I n f r a s t r u c t u r e  

An e f f i c i e n t  a g r i c u l t u r e  a l s o  r e q u i r e s  a w e l l  deve loped i n f r a s t r u c t -  

u r e .  A major  c u r r e n t  conce rn  i n  Canada relates t o  t h e  t r a n s p o r t a t i o n  

and h a n d l i n g  sys tem o f  g r a i n s .  How t o  i n c r e a s e  t h i s  c a p a c i t y  and how 

t o  d e a l  w i t h  p rob lems a r i s i n g  from t h e  Crows' Ra te  agreement  a r e  b e i n g  

d e b a t e d  and s o l u t i o n s  are b e i n g  s o u g h t .  I n  a d d i t i o n ,  t h e r e  is t h e  

need t o  d e s i g n  a sys tem t h a t  h a s  t h e  c a p a c i t y  and f l e x i b i l i t y  to meet 

t h e  needs  o f  a wide r a n g e  of demands - g r a i n s ,  l i v e s t o c k  and meat pro- 

d u c t s ,  h o r t i c u l t u r a l  and f i s h  p r o d u c t s  and p r o c e s s e d  foods  bo th  f o r  

domes t i c  and e x p o r t  marke ts .  There  are o t h e r  i s s u e s  r e l a t e d  to 

i n f r a s t r u c t u r e  - t h e  growth o f  t h e s e  and t h e i r  rate of  development  is  

dependen t  upon e x p e c t e d  long-run growth t r e n d s  i n  each o f  t h e  many 

s e c t o r s  c o n s i d e r e d  w i t h i n  t h e  IIASA framework. 

6 .  F a c t o r  S u p p l i e s  

T h e r e  are s e v e r a l  programs which a f f e c t  i n p u t  s u p p l i e s  and p r i c e s .  

I n c l u d e d  i n  t h e s e  a r e  t a x a t i o n  p o l i c i e s ,  l a b o r  and c r e d i t  programs,  

env i ronmen ta l  r e g u l a t i o n s  a f f e c t i n g  c e r t a i n  i n p u t s ,  l a n d  and water 

programs,  ene rgy  p o l i c i e s  and so f o r t h .  A lso  r e l a t e d  to  t h e s e  cons id -  

e r a t i o n s  are t h e  e f f e c t s  of r a p i d l y  i n c r e a s i n g  c o s t s  of c a p i t a l ,  of 

l a b o r  and of ene rgy  and t h e  manner i n  which t h e s e  changes a f f e c t  t h e  

c o m p e t i t i v e  p o s i t i o n  of Canadian A g r i c u l t u r e .  

7 .  S t r u c t u r e ,  Conduct  and Per fo rmance 

The p r e s e n t  s t r u c t u r e  of t h e  a g r i c u l t u r e - f o o d  sys tem is  c h a r a c t e r i z e d  

by  a l a r g e  number of f am i l y -ope ra ted  fa rms,  a r e l a t i v e l y  few l a r g e  

food  p r o c e s s i n g  f i r m s ,  many o f  which a r e  foreign-owned, and some 

smaller p r o c e s s e r s ,  a s m a l l  number of r e l a t i v e l y  l a r g e  re ta i l  food  



c h a i n s ,  a f a i r l y  r a p i d l y  growing food s e r v i c e  and r e s t a u r a n t  bus- 

i n e s s ,  i n te rmed ia ry  market ing  and d i s t r i b u t i n g  f i r m s  and v a r i o u s  

i n s t i t u t i o n s  i n c l u d i n g  c o o p e r a t i v e s ,  market ing  boards and o t h e r  

government market ing  agenc ies .  It is ext remely  d i f f i c u l t  t o  dec ide 

on some d e s i r e d  mix f o r  t h i s  system, bu t  it is c e r t a i n  t h a t  v a r i o u s  

government p o l i c i e s  a f f e c t  each of t h e s e  many s e c t o r s  d i f f e r e n t l y .  

Take f o r  example farm s t r u c t u r e  - a q u e s t i o n  o f t e n  r a i s e d  concerns 

s i z e  e f f i c i e n c y  a s  it r e l a t e s  to t h e  fami l y  farm. The t y p i c a l  farm 

r e q u i r e s  a l a r g e  investment  and t h i s  makes e n t r y  i n t o  t h e  farming 

b u s i n e s s  d i f f i c u l t  and a l s o  makes t a n s f e r s  from one g e n e r a t i o n  to t h e  

n e x t  a problem. The i s s u e s  and t h e  degree  t o  which programs shou ld  

f a v o r  e i t h e r  l a r g e r  o r  s m a l l e r  farms and how beg inn ing farmers  can 

e n t e r  t h e  b u s i n e s s  a r e  impor tan t .  Another q u e s t i o n  a t  t h e  p rocess ing  

l e v e l  concerns  t h e  most e f f i c i e n t  s i z e  of e n t e r p r i s e ,  t h e  degree of 

c o n c e n t r a t i o n  i n  c e r t a i n  markets ,  and t h e  degree  of f o r e i g n  owner- 

s h i p .  Th is  s t r u c t u r e  is impor tan t  i n  t h a t  bo th  farm producers  and 

t h e  f i n a l  consumer a r e  a f f e c t e d  accord ing1  y. 

Th is  s e c t i o n  h a s  d e t a i l e d  s o m e  of t h e  p a s t  and c u r r e n t  Canadian 

a g r i c u l t u r a l  p o l i c i e s .  I n  do ing so some impor tant  model conceptua l iza-  

t i o n  i s s u e s  a r e  noted.  It is of course  imposs ib le  to i n c o r p o r a t e  all of 

t h e  c o n s i d e r a t i o n s  mentioned w i t h i n  t h e  framework of t h e  model developed 

b u t  an a t tempt  must be made t o  i n c o r p o r a t e  t h e  mre impor tant  of t h e s e .  

I s s u e s  which we view a s  c u r r e n t l y  be ing  of lower p r i o r i t y  w i l l  be t a c k l e d  

a s  resources  pe rm i t .  I t  is a l s o  recogn ized t h a t  t h e r e  a r e  c e r t a i n  i s s u e s  



t h a t  can only be handled i n  a  m d e l  framework very d i f f e r e n t  to t h a t  

which we have spec i f i ed  or perhaps cannot use fu l l y  be tack led  with given 

methodologies. The m d e l  d e t a i l e d  i n  the next sec t i ons  i s  high ly  agqre- 

gated and not  reg iona l i zed  and consequently these l i m i t a t i o n s  a r e  noted. 

A s  development cont inues it is hoped t h a t  a  m r e  use fu l  po l i cy  ana l ys i s  

t o o l  w i l l  r e s u l t .  



3 .  THE AGRICULTURAL SUPPLY SECTOR 

A major t a s k  i n  t h e  development of a  model of t h e  economy is t h a t  

of  adequately r ep resen t i ng  t h e  farm supply  s e c t o r .  Severa l  components of 

t h e  work a r e  repor ted  on i n  t h i s  sec t i on .  I n i t i a l l y  t h e  a g r i c u l t u r a l  

supply  s e c t o r  of t h e  Canadian model developed by F ischer  and Frohberg 

( 1980) a s  p a r t  of t h e i r  bas ic  l inked system is examined. Based on t h i s  

eva lua t i on  a  rev i sed  a l l o c a t i o n  model fo l lowing t h e  same methodology is 

descr ibed  and some of t h e  i npu t s  requ i red  f o r  t h i s  r ev i sed  model a r e  

d e t a i l e d .  W e  a l s o  p r e s e n t  an a l t e r n a t i v e  model based upon s tandard  

econometr ic  methodology. We a l s o  p o i n t  t o  t h e  d i f f i c u l t i e s  involved i n  

t h e  hope t h a t  t hese  exper iences may be use fu l  knowledge t o  o thers  in- 

volved i n  t h e  FAP task .  

Un t i l  d e t a i l e d  models f o r  t h e  va r ious  coun t r i es  a r e  developed and 

l i nked ,  FAP r e l i e s  upon t h e  country models developed by F ischer  and 

Frohberg (1980) .  Th is  set of coun t ry -spec i f i c  models r e f e r r e d  t o  a s  t h e  

"bas i c  l i n ked  system" forms an extremely impor tant  component of t h e  en- 

t i r e  program because a t  t h i s  s t a g e  d e t a i l e d  count ry  models developed by 

resea rche rs  from a  p a r t i c u l a r  count ry  a r e  few. I n  f a c t ,  it is only  

models of I nd ia ,  t h e  U .  S .A .  and Thai land ( s e e  Table  1  ) t h a t  have been 

developed independent ly and a r e  c u r r e n t l y  l i nked .  Work on o t h e r  coun- 

tr ies con t inues ,  bu t  it is h igh ly  l i k e l y  t h a t  because of t h e  d i f f i c u l t  

t a s k  t h a t ,  i n  t h e  near  f u t u r e ,  t h i s  number w i l l  remain small. For t h i s  

reason it is important  t h a t  one understand t h e  methodology and s t r u c t u r e  

of  t h e  bas i c  l i n ked  models. I t  should a l s o  be noted t h a t  work on these  

b a s i c  l i nked  models con t inues  and many mod i f i ca t ions  have been made s i n c e  

t h e  t ime of t h i s  wr i t i ng .  



Aside from t h e  t a s k  of deve lop ing m r e  d e t a i l e d  coun t ry  models 

t h e  FAP program r e q u i r e s  t h a t  once developed t h e s e  nmdels be c u r r e n t  and 

main ta ined on t h e  system a t  IIASA. In  t h e  l i n k e d  runs v a r i o u s  s c e n a r i o s  

w i l l  be ana lyzed.  Because of t h e  d i f f e r e n t  methodologies invo lved i n  

t h e s e  d e t a i l e d  coun t ry  models and because of v a r i o u s  s t a t i s t i c a l  and 

computa t iona l  problems t h a t  a r e  l i k e l y  to a r i s e  when these  ana lyses  a r e  

a t tempted  (even i f  t h i s  a n a l y s i s  is at tempted a f t e r  e x t e n s i v e  t e s t i n g )  it 

is expected t h a t  d i f f i c u l t i e s  w i l l  be encountered -- p a r t i c u l a r l y  so  i n  

s i t u a t i o n s  where t h o s e  o r  t h e i r  rep lacements  who developed t h e  work a r e  

no longer  r e s i d e n t .  The e x p e r t i s e  a t  IIASA can  minimize t h e s e  problems 

b u t  t h e s e  c o n s i d e r a t i o n s  have in f l uenced  our  r e s e a r c h  agenda. We, t h e r e  

f o r e ,  cons ide red  it e s s e n t i a l  t o  e v a l u a t e  and t e s t  t h e  Canadian b a s i c  

l i n k e d  model because t h i s  model s i n c e  t h i s  model w i l l  remain l i n k e d  u n t i l  

a n  a l t e r n a t i v e  more d e t a i l e d  model developed by t h e  w r i t e r s  o r  o t h e r s  is 

s u b s t i t u t e d .  F'urthermore, i n  t h e  development of a m r e  d e t a i l e d  supp ly  

module t h e r e  is much t o  be gained from fo l l ow ing  t h e  same methodology a s  

t h a t  used f o r  t h e  b a s i c  model system, and now c u r r e n t l y  be ing  used f o r  

t h e  EEC c o u n t r i e s .  W e  r e p o r t  on t h i s  work by p r e s e n t i n g  t h e  s t r u c t u r e  of 

t h e  b a s i c  l i n k e d  model, a r e v i s e d  a l l o c a t i o n  model t h a t  was s p e c i f i e d  and 

e s t i m a t e d ,  and we a l s o  r e p o r t  on some of t h e  r e s u l t s  f o r  an econometr ic  

s p e c i f i c a t i o n  of  t h e  a g r i c u l t u r a l  supp ly  module. Some of t h e  problems 

encountered i n  a l l  t h r e e  approaches a r e  noted.  

The t i m e  hor i zon  was d i v i d e d  i n t o  t h r e e  impor tan t  p e r i o d s .  For 

e s t i m a t i o n  purposes ou r  time s e r i e s  base covers  t h e  y e a r s  1961 t o  1976. 

The p e r i o d  1977 t o  1981 may be used f o r  e x  p o s t  f o r e c a s t i n g  and t h e  



per iod 1981 a s  an ex an te  f o recas t i ng  per iod.  The ex p o s t  f o recas t i ng  

per iod  (1977 t o  1981) prov ides a  r a t h e r  severe t e s t  of some of the  

r e s u l t s .  

3.1 The Al locat ion Model of t h e  Basic Linked System 

The model developed by F ischer  and Frohberg ( 1980) f o r  Canada is 

termed an a l l o c a t i o n  model because it is a nonl inear  opt imizing rmdel 

wi th  a  nonl inear  c r i t e r i o n  funct ion and l i n e a r  inequa l i t y  cons t ra in t s .  

The c o n s t r a i n t s  of t h e  model involve an a l l o c a t i o n  of t o t a l  c a p i t a l ,  

t o t a l  a g r i c u l t u r a l  labour and f e r t i l i z e r  between 8'  a l t e r n a t i v e  

a g r i c u l t u r a l  a c t i v i t i e s .  This sec t i on  h igh l i gh t s  some of our f ind ings  

of t h i s  model. More d e t a i l e d  repo r t s  of t h e  rmdel i tsel f  and the  

f ind ings  a re  a v a i l a b l e  (F ischer  and Frohberg, 1980; Graham and Huff, 

1980; Rabar and Huff,  1980).  

3.1.1 S t ruc tu re  

The approach fol lowd by F ischer  and Frohberg i n  developing t h e i r  

bas i c  l inked models is f a i r l y  unique. The concept of a  nonl inear  

maximization model is not new, bu t  i t s  app l i ca t i on  a s  a  t o o l  t o  model t h e  

a g r i c u l t u r a l  sec to rs  of many d i f f e r e n t  count r ies  is  f a i r l y  unique. Since 

these  models a r e  t o  be used over a  15 year  f o recas t  per iod ,  t h e i r  

v a l i d i t y  is c r i t i c a l .  The approach adopted is  t o  es t ima te  nonl inear  

product ion func t ions  of a  Cobb Douglas type f o r  8  f a i r l y  aggregated 

commodities. 

The a g r i c u l t u r a l  commodities shown i n  Table 1. Bovine and da i ry  

product ion is a j o i n t  product.  



With a  given s e t  of c o e f f i c i e n t s  f o r  each of these  product ion funct ions a  

nonl inear  opt imizing model is then solved and the  optimum output  l eve l s  

f o r  each of the 8 a c t i v i t i e s  obtained. These output  l e v e l s  a r e  then the  

p red ic ted  product ion l e v e l  f o r  t h a t  p a r t i c u l a r  commodity f o r  t h a t  year .  

Inpu ts  i n t o  the a g r i c u l t u r a l  s e c t o r  f o r  a  p a r t i c u l a r  year a r e  a g r i c u l t u r a l  

c a p i t a l ,  labour and f e r t i l i z e r  ( f o r  crops)  and it is these l im i t i ng  re- 

sources t h a t  a re  a l l o c a t e d  between the  8 a l t e r n a t i v e s .  Since it is opt i -  

mizing m d e l  an a l l o c a t i o n  of resources between a l t e r n a t i v e s  is made on 

t h e  bas i s  of expected p r o f i t  per u n i t  f o r  each of t h e  a c t i v i t i e s .  The 

a l l o c a t i o n  model a lgor i thm was developed by F ischer  s p e c i f i c a l l y  f o r  t h i s  

p a r t i c u l a r  problem, but  a  more genera l ized a lgor i thm may a l s o  be su i t -  

ab le .  

The approach adopted i n  es t imat ing  t h e  parameters of t he  produc- 

t i o n  funct ions is f a i r l y  unique. Essen t i a l l y ,  i n  es t imat ing  a  product ion 

func t ion  f o r  a  number of d i f f e r e n t  a g r i c u l t u r a l  commodities one at tempts 

t o  spec i fy  the  r e l a t i o n s h i p  between a  set of inpu ts  and outputs .  Cross 

s e c t i o n a l  o r  time s e r i e s  da ta  a r e  requi red.  A major problem encountered 

f o r  t h i s  model is t h a t  t h e  l e v e l s  of inpu ts  a r e  not observable.  To ta l  

inpu t  l e v e l s  a r e  known but an a l l o c a t i o n  of these  between a l t e r n a t i v e  

commodities o r  ou tpu ts  is unknown. Furthermore, over time t o t a l  inpu t  

l e v e l s  change and a  r e a l l o c a t i o n  between ou tpu ts  is a l s o  l i k e l y .  In  f a c t ,  

t o  c a t e r  to the  t ime dimension aspec ts  of the problem, severa l  changes a r e  

made. F i r s t l y ,  t he  c o n s t r a i n t s  of the a l l o c a t i o n  problem change because 

over time changes i n  t he  a g r i c u l t u r a l  labour fo rce  and the  s tock of cap- 

i t a l  invested i n  the  indus t ry  occur. The a g r i c u l t u r a l  labour fo rce  over 

t h e  h i s t o r i c a l  per iod  has genera l l y  decl ined whereas c a p i t a l  s tocks have 



s t e a d i l y  increased.  The l e v e l s  of these inpu ts  need t o  be p red ic ted  over 

t h e  15 year  f o recas t  per iod and t h e i r  a l l o c a t i o n  between a l t e r n a t i v e s  de- 

cided. Secondly, t o  al low f o r  c e r t a i n  t echn i ca l  changes t h a t  a r e  tak ing 

p lace ,  t he  parameters of t h e  est imated product ion funct ions a r e  time 

va r i an t .  

The product ion re la t i onsh ip  between inpu ts  and t h e  commdi t ies  is  

unknown. Est imates of t o t a l  a g r i c u l t u r a l  c a p i t a l ,  labour and f e r t i l i z e r  

usage a r e  ava i l ab le ,  but  an a l l o c a t i o n  of t h a t  c a p i t a l  t o  each of t h e  

major a g r i c u l t u r a l  commodities i s  not. Est imates of these  a l l o c a t i o n s  can 

be made, var ious  a g r i c u l t u r a l  censuses may provide i n s i g h t s ,  var ious  a l l o -  

ca t i on  r u l e s  may be devised, but  i d e a l l y  i f  product ion func t ions  a r e  t o  be 

est imated observat ions on commodity s p e c i f i c  inpu t  l e v e l s  and p r i ces  a r e  

requi red.  I n  mixed Farming opera t ions  o r  f o r  j o i n t  commodities an a l loca-  

t i o n  of resource inpu ts  t o  commodities is d i f f i c u l t ,  but  as ide  from these 

problems, no observat ions on the  amount of labour,  c a p i t a l  and f e r t i l i z e r  

used i n  t he  product ion of each of t he  8 commodities is ava i l ab le  f o r  

Canada, o r  more genera l l y  f o r  t he  o the r  count r ies  concerned. The approach 

adopted has been t o  dev ise r u l e s  t h a t  provide an i n i t i a l  a l l o c a t i o n  of 

resource use between commodities over 16 years  ( 1961- 1976) . Given these  

observat ions t h e  parameters of t he  product ion funct ions have been der ived. 

With these  given parameters t h e  a l l o c a t i o n  model is solved and optimal 

ou tpu t  l e v e l s  over t he  h i s t o r i c a l  per iod  obtained. For t he  16 year  per iod  

these  optimum output  l e v e l s  may be compared with observed o r  a c t u a l  output  

l e v e l s  f o r  the  economy and t h e  dev ia t ions noted. So lu t ion  of t he  non- 

l i n e a r  maximization problem w i l l  a l s o  provide an a l l o c a t i o n  of t h e  l im i ted  

resources between commodities over t he  16 years .  Since the  i n i t i a l  



a l l o c a t i o n  of resources  between commodities may be cons ide red  a s t a r t i n g  

p o i n t ,  F i s c h e r  and Frohberg compare observed and optimum o u t p u t  l e v e l s  

f o r  each of t h e  8 commodit ies ove r  16 y e a r s  t o  s e e  whether t h i s  i n i t i a l  

a l l o c a t i o n  of resources  prov ided p roduc t ion  f u n c t i o n  parameters  t h a t  a l -  

lowed t h e  d e v i a t i o n  between observed and optimum o u t p u t  l e v e l s  t o  be 

reasonab ly  smal l .  I n i t i a l l y ,  i n  most i n s t a n c e s ,  t h i s  is no t  t h e  c a s e  and 

t h e r e f o r e ,  a r e v i s e d  s e t  of p roduc t ion  f u n c t i o n  parameters  may be e s t i -  

mated. I n  do ing so  t h e  a l l o c a t i o n  l e v e l s  of r e s o u r c e s  between commodi- 

t i e s  a s  prov ided by t h e  s o l u t i o n  of t h e  n o n l i n e a r  programming problem a r e  

r e l i e d  upon. A new set of p roduc t ion  f u n c t i o n  parameters  is ob ta ined ,  

t h e  a l l o c a t i o n  model may be so lved  over  15 y e a r s  f o r  t h i s  new set, op t i -  

m u m  o u t p u t  l e v e l s  a r e  o b t a i n e d  and a new set of a l l o c a t i o n s  of resources  

between commodities ob ta ined .  The d e v i a t i o n s  between observed and o p t i -  

m 
mum o u t p u t  l e v e l s  a r e  noted.  Given t h e  d e v i a t i o n s  a d e c i s i o n  is t hen  

made whether t o  i t e r a t e  once more o r  no t .  I t e r a t i o n  w i l l  g e n e r a l l y  

c o n t i n u e  u n t i l  t h e r e  is no s i g n i f i c a n t  improvement, us ing  c e r t a i n  c r i -  

t e r i a :  t h e  c o e f f i c i e n t s  of t h e  p roduc t ion  f u n c t i o n s  a r e  r e l a t i v e l y  

s t a b l e ,  t h e  optimum o u t p u t  l e v e l s  remain r e l a t i v e l y  s t a b l e ,  and t h e  

d e v i a t i o n  between observed o u t p u t  l e v e l s  and optimum o u t p u t  l e v e l s  a r e  

r e l a t i v e l y  sma l l .  These c o e f f i c i e n t s  of t h e  p roduc t ion  f u n c t i o n s  w i l l  be 

used to  p r o j e c t  over t h e  15 y e a r  p lann ing  hor izon.  

With t h i s  background we now r e p o r t  on some d e t a i l s  of t h e  b a s i c  

a l l o c a t i o n  model, some of t h e  r e s u l t s  ob ta ined  and some changes t h a t  may 

b e  made i f  t h e  a g r i c u l t u r a l  s e c t o r  of Canada is t o  be more c l o s e l y  repre-  

sen ted .  



The commodities t r e a t e d  i n  t he  a l l o c a t i o n  m d e l  have been aggregated 

t o  the  fo l lowing e igh t  ca tegor ies :  

. wheat ( m i l .  t ons )  . r i c e  ( m i l .  t ons )  . coarse g ra ins  ( m i l .  t ons )  

. bovine and ovine product ion (beef and da i ry  mainly - mil . tons 
carcass  weight and milk equiv. ) 

. o the r  animals (pork ,  pou l t ry  and f i s h  - mil . tons p ro te in  equiv . )  

. other  foods of crop o r i g i n  ( m i l .  U.S.$ 1970) 

. nonfood a g r i c u l t u r a l  crops ( m i l .  U.S.$ 1970) 

The c o n s t r a i n t s  of t he  model a l l o c a t e  c a p i t a l ,  labour and f e r t i l i z e r  

t o  t h e  d i f f e r e n t  uses and do not exceed t h e  t o t a l  a v a i l a b i l i t y  thereo f .  

Output of each of t h e  commodities i s  a  func t ion  of the  resource 

i npu ts  i n to  t h a t  commodity. Th is  re la t i onsh ip  between product ion (ou tpu t )  

and resource i npu ts  f o r  crop commodities is  given as :  

f o r  i E crop product ion a c t i v i t i e s  

wi th  + + pi = 1; Eit ,  dit = f ( t ) ,  i E crop product 

and Y 1 + Bi + Qi < 1, i E crop product 

and where 

KtA = t h e  c a p i t a l  s tock  i n  a l l  of a g r i c u l t u r e  i n  year  t 

Kit = t h e  c a p i t a l  s tock employed i n  t h e  product ion of commodity i i n  

year t 

LtA = t h e  labour f o r ce  i n  a g r i c u l t u r e  i n  year  t 

Lit = t h e  lahour f o r ce  used on commdity i i n  year  t 

F~~ = t h e  n i t rogen f e r t i l i z e r  used i n  a l l  of a g r i c u l t u r e  i n  year t o  

Fit = t h e  n i t rogen f e r t i l i z e r  used on crop i i n  year  t 



For animal products i n  which n i t rogen f e r t i l i z e r  i s  not d i r e c t l y  

used it i s  appropr ia te  t o  spec i f y  t h a t  only c a p i t a l  and labour employed 

in f luence  output .  The product ion re la t i onsh ip  f o r  bovine and ovine pro- 

duct ion and fo r  t h e  o ther  animal category i s  expressed a s :  

wi th 

i E animal product 

and 

Y i  + Bi < 1 i E animal product 

Both of the  above product ion re la t i onsh ips  may be rewr i t t en  such t h a t  t h e  

t o t a l  a g r i c u l t u r a l  c a p i t a l ,  labour and f e r t i l i z e r  va r i ab les  a r e  incorpor- 

a t e d  i n to  t h e  i n t e r c e p t  term. Doing so f o r  t h e  f i r s t  equat ion only,  t h e  

r e l a t i o n s h i p  i s  given a s :  

where 

The i n t e r c e p t  t e n  ( sit) i n  t h i s  re la t i onsh ip  depends on t o t a l  agr i -  

c u l t u r a l  c a p i t a l ,  labour and f e r t i l i z e r  and t h e  ind iv idua l  response f o r  

each of t he  commodities i s  dependent on sit and upon the  l e v e l s  of 

resource use a l l oca ted  t o  each of t h e  commodities. 

A c l o s e r  examination of equat ion 5.10 (F ischer  and Frohberg, 1980) 

i n  t he  bas ic  l inked system ind i ca tes  t h a t  f o r  wheat, r i c e  and coarse 



gra ins  expected t o t a l  revenue is  t he  product of t he  expected p r i c e  per 

u n i t  and output  l e v e l .  For t he  animal product product ion a l t e r n a t i v e s  

t o t a l  revenue inc ludes not only t he  value of t h e  product i t s e l f ,  but  an 

al lowance is a l s o  made f o r  byproducts (h ides  and sk ins ,  f a t s ,  e t c . )  and 

t h e  c o s t  of feeds used i n  t he  product ion process a r e  sub t rac ted .  For 

p r o t e i n  feeds the  value of t he  product inc ludes the  value of meal t o  be 

used a s  feed and the  value of t he  o i l  product produced. F a i r l y  e labo ra te  

r u l e s  were devised i n  o rder  t o  provide these  byproduct c o e f f i c i e n t s  as  

repor ted i n  F ischer  and Frohberg ( 1 9 8 0 ) .  D i f f i c u l t i e s  were encountered 

i n  dev is ing a s a t i s f a c t o r y  procedure t o  fol low. 

A s  noted, f o r  the  func t ions  presented qA, L ~ ~ ,  and F~~ 

a r e  observable over t he  h i s t o r i c a l  per iod;  Kit, Lit and Fit a r e  not .  

The i t e r a t i v e  procedure descr ibed e a r l i e r  is fol lowed, t hus  providing a 

s e t  of product ion func t ion  parameters.  With t h e  c o e f f i c i e n t s  of t h e  

product ion funct ion given ( t hey  vary wi th t ime)  t h e  a l l o c a t i o n  m d e l  is 

used i n  ex an te  fo recas t ing .  -- 
I n  t h e  fo l lowing sec t i on  some r e s u l t s  of d i f f e r e n t  s imulat ions 

us ing the  bas i c  l i nked  model developed f o r  t h e  Canadian s i t u a t i o n  a r e  

repor ted.  By examining supply responses t o  var ious  p r i c e  scenar ios  it 

was poss ib le  t o  t e s t  t h e  s e n s i t i v i t y  of t h e  m d e l  and t h e  a l l o c a t i o n  

procedure. 



3.1.2. Model Results 

The model was used for  a 15-year simulation for  the period 1970- 

-85. World prices were se t  exogenously a t  actual levels for  the period 

1970-75, and then held constant over 1975-85. The resu l ts  of t h i s  simu- 

la t ion  for  the base s i tuat ion are reported i n  Table 3 .l. I n  general, 

output for  a l l  commodities increased, although the i r  rates dif fered. 

Growth ra tes for  a l l  agr icu l tura l  commodities were substant ia l ly  below 

the estimated growth ra te  for  the nonagricultural sector. Highest rates 

of growth were for beef and f r u i t s  and vegetables with a 60% increase 

forecast over 15 years. Lowest growth rates were for  oi lseeds ( 7 % )  and 

wheat ( 2 1 % ) .  These pat terns are observed because of two main reasons: 

1. The resources avai lable to agr icul ture over the 15 year period 

change. Capital  i n  agriculture m r e  than doubled (a  110% 

increase) while labour declined 8% and the use of f e r t i l i z e r  

a lso  increased 62% during the 15 year period. 

2. There a re  technological changes that  take place and these a re  

captured f i r s t l y  in  the intercept term and secondly by some of 

the time varying parameters of the production function. 

Since the resu l ts  reported are generated not only from the 

supply component of the FAP model but also from the i r  demand structure 

i t  is noted that  consumption of beef i n  Canada was forecast t o  r i se  

about in  l i ne  with supply. Dairy consumption rose only l o % ,  requiring a 

substant ia l  increase in exports by 1985 ( 2 4 %  of production). Sxports of 

poultry, pork and f i sh  remained stable a t  one th i rd  of production. For 



T a b l e  3.1: Commodity P r o d u c t i o n  i n  Canada under  Base F o r e c a s t ,  
High P r i c e s  a n d  Low P r i c e s  

B a s e  Case High Low 
P r i c e s  P r i c e s  

WHEAT ( m . t . 1  
1975 17,308 17 ,308  17 ,308  
1976 17,600 18,392 16,624 
1977 17,746 19 ,291  16 ,455 
1978 17,872 19 ,493 16 ,551  
1979 17,982 19 ,658 6,637 
1980 18 ,079 19 ,801  16 ,711 
1985 1 8 , 4 0 1  20,302 16 ,952 

COARSE GRAINS ( m . t . 1  
1975 20,450 20,450 20,450 
1976 21,075 22,104 19,826 
1977 21,686 22,947 20,310 
1978 22,273 23 ,801 20,768 
1979 22,840 24,626 21,209 
1980 23,390 25 ,421 21,638 
1985 25,926 29,042 23,636 

BEEF ( m . t . )  
1976 1,118 1,118 1,118 
1976 1 ,148 858  1 ,212 
1977 1 ,179 90 3 1 , 2 4 1  
1978 1 ,210 93 2 1,270 
1979 1 , 2 4 1  961 1 ,298 
1980 1 ,273 992 1 ,328  
1985 1 ,440  1 , 1 4 6  1 ,485 

DAIRY ( m . t . )  
1975 8 ,566 8 ,566 8 ,566 
1976 8 ,793  6,570 9,286 
1977 9,029 6 ,913 9,503 
1978 9,267 7,135 9,724 
1985 11 ,027 8,778 11,376 

POULTRY & PORK ( m. t . ) 
1975 276 276 27 6 
1976 283 273 28 7 
1977 28 9 280 292 
1978 2 94 288 29 7 
1985 325 3 28 323 

OILSEEDS ( m . t . 1  
1975 548 5 48 5 48 
1976 570 5 5 1  578 
1977 5 92 579 597 
1978 6 1 4  608 615 
1985 761  80 0 741  



f r u i t s  and v e g e t a b l e s  ( i n c l u d i n g  p l a n t a t i o n  c r o p s )  t h e r e  was a sub- 

s t a n t i a l  r e d u c t i o n  i n  dependence on impor ts  ( f rom 26% t o  3%). Wheat and 

c o a r s e  g r a i n  e x p o r t s  r o s e  modest ly  from 14.9 m t  t o  18.8 m t .  

I n  Tab le  3.2 a comparison of h i s t o r i c a l  and "model" s i m u l a t i o n  

r e s u l t s  w i th  observed wheat p roduc t ion  shows t h a t  t h e  model does not  

i n c o r p o r a t e  t h e  h i g h l y  v a r i a b l e  e f f e c t s  of weather.  Aside from t h e s e  

shocks model r e s u l t s  compare reasonab ly  w e l l  w i th  p a s t  ou tpu t  l e v e l s  and 

w i t h  expected f u t u r e  p roduc t ion  l e v e l s .  S i m i l a r  comparisons f o r  o t h e r  

commodity groups may a l s o  be made. 

Tab le  3.2: A compar ison of a c t u a l  v e r s u s  e s t i m a t e d  wheat p roduc t ion  
f o r  Canada ( i n  m i l l i o n  tonnes)  

Year Actua l  P roduc t ion  canad iana F AP 
F o r e c a s t s  Model R e s u l t s  

a ~ f f i c i a l  f o r e c a s t  by t h e  M in is t r y  of S t a t e  f o r  Economic Development. 
Unpubl ished F e d e r a l  Government F o r e c a s t s ,  1979. 



G r a i n s  Market S c e n a r i o s  

Numerous s i m u l a t i o n  r u n s  were made t o  test t h e  s e n s i t i v i t y  of t h e  

model. Two such changes are p r e s e n t e d  h e r e .  F i r s t ,  under  a s t r o n g  wor ld  

g r a i n s  market  s c e n a r i o ,  t h e  wheat and f e e d g r a i n  p r i c e s  were doub led  f o r  

t h e  1975-85 p e r i o d .  Second, under  a weak wor ld g r a i n  marke t  s c e n a r i o ,  

t h e  wheat and f e e d  g r a i n  p r i c e s  were reduced 50% f o r  t h e  1975-85 p e r i o d .  

A l l  o t h e r  commodity p r i c e s  remained a t  1975 l e v e l s .  I t  s h o u l d  be no ted  

t h a t  i n  t h e  a l l o c a t i o n  model r e l a t i v e  p r i c e s  are i m p o r t a n t  and t h a t  p r i c e  

changes  o f  t h i s  magni tude a r e  f a i r l y  s e v e r e .  A summary o f  changes i n  t h e  

p r o d u c t i o n  l e v e l s  o f  t h e  major  commodity g roups  f o r  s e l e c t e d  y e a r s  is 

g iven  i n  T a b l e  3.1. 

Both wheat and f e e d g r a i n s  p r o d u c t i o n  w a s  f o r e c a s t  t o  i n c r e a s e  

a b o u t  10% (above t h e  base f o r e c a s t )  unde r  t h e  h i g h  p r i c e  regime and de- 

crease abou t  8% f o r  t h e  low p r i c e  s c e n a r i o .  These r e s u l t s  w i t h  a n  e l a s t -  

i c i t y  o f  0 . 1  are low compared w i t h  o t h e r  Canadian s t u d i e s  which show 

wheat  supp l y  elas t ic i t ies  of 0.5 t o  1.5 (Coleman, 1 9 7 9 ) .  However, l a r g e  

p r i c e  changes were assumed and bo th  wheat and f e e d g r a i n  p r i c e s  were in- 

c r e a s e d  so t h a t  s u p p l y  elas t ic i t ies  would be expec ted  to  be lower  t h a n  

f o r  a s i t u a t i o n  where a p r i c e  change c e t e r u s  p a r i b u s  is made. 

Beef and d a i r y  r e s p o n s e s  show a l a r g e  immediate p r o d u c t i o n  

d e c l i n e  under  h i g h  g r a i n  p r i c e s ,  a b o u t  20-25%. Under low g r a i n  p r i c e s  

p r o d u c t i o n  i n c r e a s e d  a b o u t  5%. Beef p r o d u c t i o n  is expec ted  t o  i n c r e a s e ,  

i n i t i a l l y ,  unde r  h i g h  g r a i n  p r i c e s  a s  f a r m e r s  se l l  b r e e d i n g  s t o c k .  Pro- 

d u c t i o n  would e v e n t u a l l y  d e c l i n e  a s  fewer  o f f s p r i n g  were a v a i l a b l e  f o r  

s l a u g h t e r  from t h e  reduced  b r e e d i n g  h e r d .  



The d a i r y  s e c t o r  i s  h i g h l y  c o n t r o l l e d  i n  Canada w i th  p r i c e s  s e t  

by cost -o f -product ion  formulae,  and o u t p u t  r e s t r i c t e d  through quotas .  

Milk p roduc t ion  is  u n l i k e l y  t o  he very s t r o n g l y  a f f e c t e d  by g r a i n  p r i c e s .  

Higher g r a i n  p r i c e s  would a f f e c t  mi lk  p r i c e s ,  which would reduce demand 

and hence ou tpu t .  These changes,  however, would l i k e 1  y be c o n s i d e r a b l y  

s m a l l e r  than  those  f o r e c a s t  by t h e  model. 

P o u l t r y  and pork p roduc t ion  i n  t h e  model were q u i t e  unrespons ive  

t o  feed  p r i c e s .  The p o u l t r y  s e c t o r  i n  Canada, l i k e  t h e  d a i r y  s e c t o r ,  is 

h i g h l y  r e g u l a t e d .  There is a response t o  feed  p r i c e s  through c o s t  of 

p roduc t ion  formulae. Ho l l i day  (1979) no ted  t h a t  ad jus tmen ts  by t h e  poul- 

t r y  s e c t o r  t o  h i g h e r  f e e d  c o s t s  occur  i n  Canada b u t  t h e  response l a g s  a r e  

l o n g e r  than  i n  t h e  U . S .  The pork s e c t o r  is  u n c o n t r o l l e d  and responds t o  

h i g h e r  g r a i n  p r i c e s ,  p a r t i c u l a r l y  i n  Western Canada. I n  s p i t e  of t h e s e  

two s e c t o r s  be ing  aggrega ted  i n  t h e  model ( w i t h  f i s h  which is unres- 

pons ive  t o  feed  p r i c e  changes)  a somewhat l a r g e r  e f f e c t  would be a n t i c i -  

p a t e d  than  t h e s e  r e s u l t s  

O i l seed  p r o d u c t i o n  was o n l y  s l i g h t l y  a f f e c t e d  by h i g h e r  g r a i n  

p r i c e s .  An i n c r e a s e  i n  g r a i n  p roduc t ion  would s h a r p l y  reduce o i l s e e d  

p roduc t ion  s i n c e  t h e  l a r g e s t  a r e a  f o r  g r a i n  p roduc t ion  is t h e  P r a i r i e s  

and t h e r e  is l i m i t e d  o p p o r t u n i t y  f o r  n e t  i n c r e a s e s  i n  t o t a l  acreage.  

T h i s  e a r l i e r  v e r s i o n  of t h e  b a s i c  l i n k e d  m d e l  does not  t r e a t  c u l t i v a t e d  

l a n d  as a l i m i t i n g  r e s o u r c e  and consequent ly  t h e  response noted f o r  

o i l s e e d s .  

T h i s  review is f a i r l y  b r i e f .  The r e a d e r  may r e f e r  t o  t h e  e a r l i e r  

r e p o r t s  f o r  more d e t a i l s .  I n  g e n e r a l ,  t h e s e  t e s t s  were encourag ing -- 
a l though  c e r t a i n  problems were d e t e c t e d  i n  aggrega te  supp ly  responses 



over  t h e  15 y e a r  p e r i o d ,  they  appeared t o  cor respond t o  those made by 

" i n  house" r e s e a r c h e r s  i n  A g r i c u l t u r e  Canada. The s e n s i t i v i t y  t o  p r i c e  

changes was noted,  and t h e  s t r u c t u r e  of t h e  model, based upon t h e  con- 

c e p t  of an a l l o c a t i o n  of l i m i t e d  resources  between a l t e r n a t i v e s ,  appear- 

e d  sound. A t  r e s e a r c h  meet ings w i th  t h o s e  invo lved it was dec ided t h a t  

a r e v i s e d  a l l o c a t i o n  model would be s p e c i f i e d  and es t ima ted .  

S i n c e  r e p o r t i n g  t h e s e  s imu la t ion  r e s u l t s  s e v e r a l  changes to t h e  

b a s i c  model have been made. Improvements con t inue  and t h e  work is s t i l l  

ongoing. 

3.1.3 Proposed Changes t o  t h e  Canadian Bas ic  A l l o c a t i o n  Model 

To overcome some of t h e  problems d e s c r i b e d  above s e v e r a l  re- 

q u i r e d  changes t o  t h e  s t r u c t u r e  of t h e  s i m p l i f i e d  model a r e  noted.  

These changes have been i n c o r p o r a t e d  i n t o  a r e v i s e d  a l l o c a t i o n  m d e l  

r e p o r t e d  on i n  t h e  n e x t  s e c t i o n .  

1. The l a n d  c o n s t r a i n t  

I t  w a s  noted e a r l i e r  t h a t  t h r e e  r e s o u r c e s  ( c a p i t a l ,  l abour  and 

f e r t i l i z e r )  c o n s t r a i n  p roduc t ion .  The importance of  a r a b l e  land and 

improved land  of o t h e r  c a t e g o r i e s  i n  t h e  p roduc t ion  of bo th  

marketab le  c r o p s  and roughage r e q u i r e s  t h a t  l and  be t r e a t e d  

e x p l i c i t l y  a s  a l i m i t i n g  resource .  The s i g n i f i c a n c e  of f e r t i l i z e r  

a s  a l i m i t i n g  r e s o u r c e  is  q u e s t i o n a b l e .  



2 .  The aggrega t ion  of  l i v e s t o c k  

I n  t h e  b a s i c  m d e l  beef and d a i r y  a r e  aggregated.  I n  Europe where 

t h e  beef and d a i r y  he rd  a r e  g e n e r a l l y  a s i n g l e  he rd ,  t h i s  may be 

a p p r o p r i a t e .  I n  t h e  Canadian s i t u a t i o n  it is  not  a p p r o p r i a t e  because 

o f  t h e  very  d i f f e r e n t  s t r u c t u r e  of t h e s e  s e c t o r s .  Our a n a l y s e s  wi th  

t h e  model i n d i c a t e d  t h a t  f o r  beef p r i c e  changes,  t h e  p roduc t ion  res-  

ponse was p o s i t i v e  and immediate. I n  p r a c t i c e ,  t h e  immediate res-  

ponse by beef p roducers  t o  a p r i c e  change is  w i t h  r e s p e c t  t o  b reed ing  

s t o c k  numbers (cow h e r d  s i z e ) .  Once t h e  s i z e  of t h e  h e r d  is deter -  

mined, t h e n  beef  o u t p u t  is t o  a l a r g e  degree  predetermined.  By 

t r e a t i n g  he rd  s i z e  a s  t h e  d e c i s i o n  v a r i a b l e  i n  t h e  a l l o c a t i o n  m d e l  

and r e l a t i n g  beef o u t p u t  t o  t h e s e  numbers, a f a i r l y  s imple  dynamic 

ad jus tment  p r o c e s s  may be inco rpora ted .  H i s t o r i c a l l y ,  beef  herd  s i z e  

and s l a u g h t e r i n g s  have been c y c l i c a l  i n  response t o  p r i c e .  The d a i r y  

h e r d  on t h e  o t h e r  hand has  dec reased  c o n t i n u o u s l y  ove r  t ime.  The 

n a t u r e  of t h e  demand and t h e  changes i n  techno logy wi th  improving 

mi lk  y i e l d s  p e r  cow have i n f l u e n c e d  t h i s  t r e n d .  Both t h e  d a i r y  and 

p o u l t r y  i n d u s t r i e s  i n  Canada o p e r a t e  under supp ly  management w i t h  any 

growth i n  t h e  o u t p u t  be ing  r e l a t e d  t o  domest ic  demand and e x p o r t  pro- 

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

(e .g .  t a r g e t  p r i c e s ,  t r a d e  q u o t a s ) .  Pork p roduc t ion  on t h e  o t h e r  

hand is f a i r l y  r e s p o n s i v e  t o  domest ic  p r i c e  changes and tends  t o  

f o l l o w  t h o s e  of  Canada's main t r a d i n g  p a r t n e r  - t h e  U.S. These 

s t r u c t u r a l  d i f f e r e n c e s  r e q u i r e  t h a t  pork and p o u l t r y  o u t p u t s  be two 

s e p a r a t e  a c t i v i t i e s  i n  t h e  a l l o c a t i o n  m d e l  and t h a t  t h e  p roduc t ion  

from t h e  d a i r y  and beef he rds  a l s o  be t r e a t e d  independent ly .  



3. Feedgrain consumption 

A s  w i l l  be e labora ted  l a t e r ,  g ra in  consumption per animal un i t  i n  

t h e  bas i c  a l l o c a t i o n  model is  derived using s c i e n t i f i c  requirements 

f o r  p ig  and pou l t ry  product ion and the  remainder of feed disappear- 

ance is a l l oca ted  to beef and da i ry .  This procedure appears to 

a l l o c a t e  too much of t he  g ra in  used fo r  feed consumption t o  beef and 

d a i r y  and an i n s u f f i c i e n t  amount t o  pork and pou l t ry .  In  Table 3.3, 

a comparison between Agr icu l tu re  Canada's es t imates  and those used 

i n  t h e  model is provided. 

Table 3.3 Grain Consumption by Livestock Category - 1971 

Commodity 
Basic Agr icu l tu re  a 

Model Canada 

(1000 m t . )  
A l l  bovine and ovine 13.9 7.5 
Other animals (pork  and pou l t r y )  5.2 12.2 
To ta l  19.1 19.7 

a ~ o u r c e :  Candler, -- e t  a l .  1974 

There is a need to reconsider  the  feed a l l o c a t i o n  scheme and devise 

a method of a l l o c a t i n g  feed disappearance between four c l a s s e s  of 

animals.  I n  t h e  case of Canada it was noted t h a t  t he  supply 

u t i l i z a t i o n  accounts sometimes a l l o c a t e d  unexplained balance 

r e s i d u a l s  t o  feed u t i l i z a t i o n .  An extremely important source of 

feed i s  forage and t h i s  should be considered i f  a complete feed 

a l l oca t i on  procedure is t o  be devised. 



4. The product ion func t ion  

The output  l e v e l  of commodity i i s  r e l a t e d  t o  t he  t o t a l  endowments i n  

t h e  a g r i c u l t u r a l  s e c t o r  and t o  t he  commodi ty-speci  f i c  l eve l s  t o  which 

these  endowments a r e  a l loca ted .  It is noted t h a t  6 it + €i t  + 

P i t  = 1 implying t h a t  output  of a g r i c u l t u r e  a s  a whole is homo- 

geneous of degree 1 ;  i f  a l l  i npu ts  a r e  doubled output  w i l l  a l s o  

double. For an ind iv idua l  commodity t h e  requirement is t h a t  Y i  + 

Pi + < 1 This  i nd i ca tes  t h a t  t h e  r e l a t i o n s h i p  is  homogeneous 

of degree Yi + Bi + rli, and s ince  the  sum of these  exponents is  

l e s s  than one decreas ing re tu rns  to  s c a l e  hold t rue .  I f  t he  sum of 

t h e s e  c o e f f i c i e n t s  is f a i r l y  smal l  then f a i r l y  l a rge  va r i a t i ons  i n  

t h e  commodity-specific f a c t o r  inpu ts  l e v e l s  w i l l  r e s u l t  i n  r e l a t i v e l y  

minor changes i n  output  responses. I t  was our exper ience t h a t  these  

c o e f f i c i e n t s ,  i n  genera l ,  appeared t o  be low, al though t h i s  was not 

t h e  case f o r  a l l  commodities. E'urther t e s t i n g  and evaluat ion of 

t hese  c o e f f i c i e n t s  is on-going and var ious  a l t e r n a t i v e  s p e c i f i c a t i o n s  

a r e  being t r i e d .  It is argued by Frohberg (1980) t h a t  t h e  funda- 

mental requirement of t h e  a l l o c a t i o n  model i s  t h a t  t h e  supply res- 

ponses ( e l a s t i c i t y  of supply with respec t  to  p r i c e )  be acceptable.  

For a  given per iod,  where t o t a l  a g r i c u l t u r a l  labour and c a p i t a l  a r e  

f i xed  any supply response nus t  depend on t h e  sum of t h e  values of 

y i ,  Bi and . Over t h e  longer run the  i n t e r c e p t  term ai i s  

t i m e  dependent and hence supply e l a s t i c i t i e s  a l s o  depend on ai. 

Various t e s t s  have r e s u l t e d  i n  long-run supply responses somewhat 



g r e a t e r  than convent ional  econometric procedures tend to  por t ray .  How- 

ever ,  these responses provided by the  a l l o c a t i o n  model a r e  t r ue  long-run 

responses i n  t h a t  t o t a l  a g r i c u l t u r a l  c a p i t a l  and the  labour fo rce  a r e  

al lowed t o  a d j u s t  t o  p r i c e  changes. Using t h e  a l l o c a t i o n  procedure 

cross-pr ice e l a s t i c i t i e s  may a l s o  be ca lcu la ted .  I t  is our opinion t h a t  

more appropr ia te  supply responses would be obtained i f  empi r ica l  r e s u l t s  

f o r  t h e  ind iv idua l  commodities resu l t ed  i n  re tu rns  t o  sca le  c l ose r  t o  1 .  

For t he  indus t ry  as a whole, t h i s  condi t ion is  m e t  by r e s t r i c t i o n s  placed 

on the  c o e f f i c i e n t s  dur ing est imat ion.  I t  would a l s o  be advantageous i f  

t h e  nonl inear  a lgor i thm used had t h e  f l e x i b i l i t y  t o  al low f o r  d i f f e r e n t  

model o r  product ion func t ion  spec i f i ca t i ons .  The advantage of t h i s  

s p e c i a l  a lgor i thm is  t h a t  being problem-specif ic it may be more e f f i c i e n t  

than a genera l  a lgor i thm. For t h e  a l t e r n a t i v e  a l l o c a t i o n  model, d e t a i l e d  

i n  t h e  next  sec t i on ,  a cons iderable amount of work was requi red t o  

develop an a lgor i thm t o  accommodate t he  model spec i f i ed .  

I n  summary, t h e  Canadian bas ic  l inked model appeared to perform 

reasonably w e l l  f o r  t h e  15 year  f o recas ts .  Aside from the  problems 

noted, t h e  supply module produced r e s u l t s  t h a t  compared very favourably 

wi th  f o recas ts  u t i l i z i n g  o t h e r  methodologies. I t  d id  not t r ack  t h e  l ive-  

s tock  cyc les  w e l l ,  s ince  t h e r e  was no prov is ion fo r  delayed responses i n  

herd s i z e s .  The inc lus ion  of country-spec i f ic  po l i cy  va r i ab les  o r  con- 

s t r a i n t s  could enhance t h e  model's r e s u l t s .  It is a l s o  be l ieved t h a t  t h e  

development and management of t h e  bas i c  l i nked  models f o r  t h e  e x i s t i n g  20 

coun t r i es  could have s u b s t a n t i a l  short-term payof fs ,  provided some of t h e  

problems mentioned could be overcome. I t  was decided t h a t  an at tempt  

would be made t o  respec i fy  t h e  s t r u c t u r e  of t he  Canadian model 



and continue to  use the same basic methodology. Some of the changes 

noted may be useful in respecifying the basic model for other countries. 

3.2 A Revised Allocation Model 

In attempting to  develop a revised Canadian al location model we 

have re l ied upon the experience of Fischer and Frohberg and also upon 

others working closely on an agr icul tural  sector model of the European 

Community ( Frohberg e t  a l .  , 1978) . The structure of the al locat ion model 

detai led approximates tha t  for the European Community. 

Agricultural cap i ta l ,  labour and land are t reated as l imit ing 

resources. I t  is assumed tha t  the p ro f i tab i l i t y  of the agr icu l tura l  

sector  re la t ive t o  tha t  of the nonagricultural sector w i l l  determine the 

absolute level  of these resources in period t. Over time aggregate levels 

change as investment in  the sector takes place or as labour moves into or 

out of the agr icu l tura l  labour force. These resources are to  be allocated 

between al ternat ives within the agr icul tural  sector. 

The al location model i s  based upon p ro f i t  maximization over the 

long run; t ha t  is ,  farmers maximize expected gross revenue minus variable 

costs. This model, for a  s ingle period t ,  may be specif ied as: 

subject to: 
7 



and with 
E 

A. = 
1 

" * (TK) * (TL) 
i 

where 

E i + d i = l a n d y .  1 + B  i < 1  

The subscripts for  the commodities are given as 

i = 1, wheat (hectares) 

= 2, coarse grains (hectares)  

= 3 ,  oi lseeds (hectares) 

= 4, vegetables (hectares)  

= 5, f r u i t  (hectares) 

= 6, indust r ia l  crops (hectares) 

= 7, roughage (hectares) 

= 8, pork ( m t .  pork) 

= 9, poultry ( m t .  protein eq.) 

=lo, dairy (cow numbers) 

= I l l  beef (herd s i z e )  

The variables and parameters are  defined as: 

pie = the expected pr ice of commodity i 

yie = the expected y ie ld/uni t  (hectare o r  animal un i t )  f o r  commdity i 

Ai = the number of un i ts  (hectares,  m t .  o r  animal un i t s )  of commodity i 

T A  = the t o t a l  area of improved land less  summerfallow area 

Ki = the  cap i ta l  a l located t o  commodity i ( i n  $ )  

TK = the t o t a l  cap i ta l  stock i n  agr icul ture 

L i = the labour al located to  commodity i (person years) 



TL = t h e  t o t a l  a g r i c u l t u r a l  l abour  f o r c e  (pe rson  y e a r s )  

Ci = v a r i a b l e  c o s t s  f o r  commodity i, i nc luded  a r e  purchased f e e d s ,  

f e r t i l i z e r s ,  chemica ls ,  energy  c o s t s ,  machinery r e p a i r  c o s t s ,  

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

a l i  = a  p e n a l t y  i n  t h e  o b j e c t i v e  f u n c t i o n  t h a t  can,  i f  used,  

p reven t  s u b s t a n t i a l  changes between l i v e s t o c k  o u t p u t  l e v e l s  

( A i )  f o r  s u c c e s s i v e  y e a r s  

= a  c o e f f i c i e n t  (an ima l  u n i t s  p e r  a c r e )  t h a t  r e l a t e s  to t h e  

c a r r y i n g  c a p a c i t y  of improved p a s t u r e s  t o  t h e  number of g r a z i n g  

animal  u n i t s  

A s  i n d i c a t e d  e a r l i e r  it may a l s o  be conven ien t  t o  r e w r i t e  t h e  

r e l a t i o n s h i p  between Ai and f a c t o r  i n p u t s  a s :  

Bi Yi 

Ai = ~ L ~ * K ~  * L ~  

where 

o r  g iven t h a t  

A t ime s u b s c r i p t  is r e q u i r e d  f o r  t h e  t ime va ry ing  n a t u r e  of parameters  of 

t h e  product ion  f u n c t i o n  and f o r  some of t h e  o t h e r  r e l a t i o n s h i p s .  We have 

omi t ted  t h i s  i n  o r d e r  t o  s i m p l i f y  o u r  p r e s e n t a t i o n .  I n  i n t e r p r e t i n g  t h e  

above e q u a t i o n s ,  t h e  c r i t e r i o n  f u n c t i o n  s p e c i f i e s  t h a t  expected g r o s s  

revenue l e s s  c o s t s  is maximized f o r  both c rop  a c t i v i t i e s  and l i v e s t o c k  

a c t i v i t i e s .  A p e n a l t y  te rm t o  t h e  f u n c t i o n  p r e v e n t s  excess ive  changes i n  

l i v e s t o c k  o u t p u t  from p e r i o d  t o  pe r iod .  I n  a l l  c a s e s ,  a l l o c a t i o n  



dec is ions  must f a l l  w i th in  resource cons t ra in t s .  One add i t i ona l  

c o n s t r a i n t  r e l a t e s  roughage requirements t o  the  s i z e  of t h e  beef herd 

only.  Essen t i a l l y  it is an at tempt  t o  recognize t h a t  t h e  summer grazing 

per se is  not  a l i m i t i n g  resource a s  t h i s  requirement f o r  both the da i ry  

and beef herds is  met through pas tu r ing  not e x p l i c i t l y  considered i n  t h e  

model. Spr ing graz ing and winter  feed a r e  l im i t i ng  resources.  These 

requirements a r e  mainly m e t  by tame hay acreage. I f  w in ter  feeding 

requirements a r e  t o  be increased,  then t h i s  expansion is a t  t h e  expense 

of  land used mainly f o r  wheat, coarse g ra ins  o r  o i l s e e d s  a s  spec i f i ed  i n  

t h e  s t r u c t u r e  of t h i s  model. It is noted t h a t  approximately 10.5 m i l l i o n  

hec ta res  of land a r e  summerfallowed each year  and t h i s  fa l low land is 

a l s o  summer grazed. There a r e  d i f f e r e n t  approaches to t ack l i ng  roughage 

requirements but  e s s e n t i a l l y  t h i s  s p e c i f i c a t i o n  r e s u l t s  i n  only smal l  

modi f icat ions to an e x i s t i n g  algor i thm. 

The conceptual  model a l l o c a t e s  scarce  resources t o  product ion 

a l t e r n a t i v e s .  I n  p a r t i c u l a r ,  t o t a l  a g r i c u l t u r a l  c a p i t a l  and t h e  labour 

f o r ce  a r e  important d r i v i ng  fo rces .  The func t iona l  r e l a t i o n s h i p s  

exp la in ing  t h e  l e v e l  of t hese  va r i ab les  a r e  given below. Also, w e  repo r t  

on our method of a t tempt ing t o  a l l o c a t e  va r i ab le  inpu t  c o s t s  among t h e  

d i f f e r e n t  commodities so t h a t  t h e  c r i t e r i o n  func t ion  of t h e  model may be 

spec i f i ed .  The approach adopted would be p a r t i c u l a r l y  use fu l  i f  a 

d isaggregat ion of t h e  input-output t a b l e  of t h e  a g r i c u l t u r a l  indust ry  of 

Canada i s  attempted. A rev i sed  feed a l l o c a t i o n  procedure is de ta i l ed .  



3.2.1 Resource C a p a c i t i e s  

In  o rde r  t o  es t ima te  c a p i t a l  s t ock ,  t h e  labour  f o r ce  and t he  

amount of a r a b l e  land i n  a g r i c u l t u r e  over  t h e  f o r e c a s t  per iod ,  a f a i r l y  

s imple  r e l a t i o n s h i p  between t hese  resource  c a p a c i t i e s  and a number of 

independent v a r i a b l e s  is  spec i f i ed .  The f unc t i ona l  forms and t h e  

s e l e c t e d  v a r i a b l e s  a r e  those  s p e c i f i e d  by F ischer  & Frohberg ( 1 9 8 0 ) .  

These appeared t o  perform i n  a s a t i s f a c t o r y  manner i n  our e a r l i e r  

eva lua t i ons .  Some of t h e  d a t a  series were rev i sed  because of 

d i sc repanc ies  encountered.  

C a p i t a l  Stocks 

Investment is an important  component of a m d e l  of t h i s  na tu re .  

I t  is important  because l abo r  and c a p i t a l  s tocks  a r e  t h e  c r i t i c a l  i npu t s  

i n t o  t h e  product ion process;  investment  is a l s o  a s i g n i f i c a n t  component 

o f  aggregate demand. By d e f i n i t i o n  investment r e p r e s e n t s  spending devot- 

e d  t o  i nc reas ing  o r  main ta in ing t h e  s tock  of c a p i t a l ;  g r o s s  investments  

r ep resen t  t o t a l  a d d i t i o n s  t o  t h e  c a p i t a l  s tock ,  n e t  investment  is t h e  

change i n  t h i s  c a p i t a l  s tock  a f t e r  a l lowing f o r  dep rec ia t i on  ( s e e  Tables 

3.4 and 3.5)  Investment is  assumed t o  be equal  t o  sav ings.  Ag r i cu l t u ra l  

investment a s  a s h a r e  of t h i s  t o t a l  investment ( I ~ / I ~ )  is  mainly 

determined by t h e  p r o f i t a b i l i t y  of a g r i c u l t u r e  r e l a t i v e  to t h a t  of t h e  

nonag r i cu l t u ra l  s e c t o r .  Two measures of t h i s  r e l a t i v e  p r o f i t a b i l i t y  are 

used - t h e  r a t i o  of gross domestic product  f o r  a g r i c u l t u r e  to t h a t  of t h e  

nonag r i cu l t u ra l  s e c t o r  and a r a t i o  of p r i c e s .  The var ious  f unc t i ona l  

forms used a r e  p resen ted  as :  



T a b l e  3.4. C a p i t a l  S t o c k  a n d  Gross  C a p i t a l  Format ion  by S e c t o r  

C a p i t a l  S t o c k  pA 
Non- Ag . Gross  Ag. G r o s s  C a p i t a l  - - 

A g r i c u l t u r e  S e c t o r  T o t a l  I nves tmen t  Format ion  P~ 
(m.  $ c o n s t a n t )  

1961 5,806 113,167 118,913 788  
1962 5,935 117,936 123,871 893 11 ,207  .080 1.117 
196 3 6 ,095 123,032 129,127 998  11 ,847 .084 1.33 
1964 6 ,356 129,566 135,922 1 ,095  13 ,458  .081 1.34 
1965 6 ,383 137,407 143,190 1 ,150  1 5 , 1 4 1  .075 1.30 
i 9 6 6  6 ,853 145,896 152,749 1 ,144 1 7 , 1 6 1  .066 1 .33  
1967 7,332 153,782 161,114 1 ,199  17 ,096 ,070 1.17 
1968 7,815 161,335 169,150 1 ,089  17 ,122 .063 1 .08  
1969 7 ,758 170,037 177,795 999 17,970 .055 1.00 
1970 1 ,585 178,561 186,146 82  1 18,016 .045 1.04 
197 1 7,298 188 ,3  39 195,637 8 83 19,440 .045 1.00 
1972 7,424 198,459 205,883 1 ,102 20,613 .053 0.96 
1973 7,822 210,337 218,159 1 ,312 22,362 .058 1.10 
1974 8 ,465 222,575 231,040 1 ,376 23,976 .057 1 .56  
1975 9 ,603  234,583 244,186 1 ,650 25,423 .065 1.34 
1976 10,533 246,657 257,190 1 ,750 25,979 .067 1 .32  
S t a t i s t i c a l  Review, S t a t s .  Canada, Ca t .  3-1501-501 

T a b l e  3.5.  A g r i c u l t u r a l  C a p i t a l  S t o c k s  
Gross  C a p i t a l  

Format ion  P r i c e  
B u i l d i n g  Machinery T o t a l  D e f l a t o r  T o t a l  ------- (m.  $ current)---------- ----- ( m .  $ constant) - - - - -  

1961  1 , 5 8 1  2 ,565 4,146 71.4 5,806 
1962 1 ,637 2,660 4 ,297 72.4 5 ,935 
1963 1 ,725  2,810 4,535 14.4 6,095 
1964 1 ,879  3 ,015 4,894 77.0 6 ,356  
1965 2,076 3 ,263 5,339 81 .1  6 ,383 
1966 2,297 3,549 5 ,846  85 .3  6 ,853  
1967 2,663 3 ,723 6 ,386  87 .1  6 ,383  
1968 2,982 3,872 6 ,854 87.7 7 ,815 
1969 3 ,166 3 ,925 7 ,019  91.4 7 ,758 
1970 3,306 3 ,923 7 ,229 95.3 7 ,585  
1971 3 ,393 3,905 7 ,298 100.0 7,298 
1972 3 ,641  4 ,125 7 ,766 104.6 7 ,424 
1973 4 ,352 4,518 8,870 113.4 7,822 
1974 5 ,571 5 ,705 11 ,276 133.2 8 ,465  
1975 6 ,908 7 ,516 14 ,424 150.2 9 ,603 
1976 8,077 9 ,027 17 ,104 163.9 10 ,435 

Source:  Unpub l ished S t a t i s t i c s  Canada d a t a .  



where 

l? = gmss i n v e s m t  in agriculture in year t (in million 
T 

national currency a t  prices of 1970) 



= t o t a l  g ross  investment  i n  year  t ( i n  m i l l i o n  n a t i o n a l  

cu r rency  a t  p r i c e s  of 1970) 

= g r o s s  domest ic  product  of a g r i c u l t u r e  i n  year  t ( i n  

m i l l i o n  n a t i o n a l  cur rency a t  c u r r e n t  p r i c e s )  

= g r o s s  domest ic  p roduc t  of  a g r i c u l t u r e  i n  year  t ( i n  

m i l l i o n  n a t i o n a l  cu r rency )  a t  c o n s t a n t  p r i c e s  

= g r o s s  domest ic  p roduc t  of n o n a g r i c u l t u r e  i n  year  t ( i n  

m i l l i o n  n a t i o n a l  cu r rency )  a t  c o n s t a n t  p r i c e s  

= g r o s s  domest ic  p roduc t  of n o n a g r i c u l t u r e  i n  year  t ( i n  

m i l l i o n  n a t i o n a l  cu r rency )  a t  c o n s t a n t  p r i c e s  

= p r i c e  index of a g r i c u l t u r a l  commodities i n  year  t 

= p r i c e  index of t h e  n o n a g r i c u l t u r a l  commodity i n  year  t 

= t i m e  v a r i a b l e  ( t  = year  minus 1960) 

= paramete rs  e s t i m a t e d  from t i m e  series 

Empi r i ca l  r e s u l t s  f o r  t h e  investment  s h a r e  a r e  p r e s e n t e d  i n  

Tab le  3.6. The second e q u a t i o n  is s e l e c t e d  a s  be ing  t h e  most s u i t a b l e .  

For  t h i s  equa t ion  t h e  a g r i c u l t u r a l  investment  s h a r e  is determined by t h e  

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

y e a r  and by l a s t  y e a r ' s  o u t p u t  r a t i o  f o r  t h e  two s e c t o r s .  A 1 p e r c e n t  

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

w i l l  l ead  t o  a  0.63 p e r c e n t  i n c r e a s e  i n  t h e  investment  share ;  f o r  a  1 

p e r c e n t  i n c r e a s e  i n  t h e  g r o s s  domest ic  product  of a g r i c u l t u r e  r e l a t i v e  

to t h a t  of n o n a g r i c u l t u r e  a  0.72 p e r c e n t  i n c r e a s e  r e s u l t s .  



E m p i r i c a l  R e s u l t s  f o r  I nves tmen t  Fun T a b l e  3.6 

Eq. N o .  C1 I1 

3 0.984 0.0 0.674 
(2 .40 )  ( BND ) (4 .98  ) 

measured a t  c o n s t a n t  p r i c e s  - t -s ta t is t ic  i n  p a r e n t h e s i s  

The c a p i t a l  s t o c k  i n  b o t h  t h e  a g r i c u l t u r a l  and n o n a g r i c u l t u r a l  

s e c t o r s  may be c a l c u l a t e d  f rom t h e  i nves tmen t  s h a r e  e q u a t i o n .  The fo rmula  

b e i n g  

C a p i t a l  S tock t  = ( C a p i t a l  Stockt - ,  ( 1 - d e p r e c i a t i o n  r a t e )  + 

I nves tmen t t  1 .  

The r e a l  d e p r e c i a t e  r a t e  c u r r e n t l y  used  f o r  a g r i c u l t u r e  is 3.8% p e r  annum 

and  t h a t  f o r  t h e  n o n a g r i c u l t u r a l  s e c t o r  i s  4.05%. The rate does n o t  change 

ove r  t h e  p e r i o d  f o r  which f o r e c a s t s  a r e  made. 

The Labour Fo rce  

A s  a n  i n p u t  i n t o  t h e  p r o d u c t i o n  p r o c e s s ,  l a b o u r  is a l s o  impor tan t .  

W e  c o n s i d e r  t h i s  r e s o u r c e  i n  a g g r e g a t e ,  and on l y  s p e c i f y  i ts s i z e  w i t h o u t  

e x p l i c i t l y  a c c o u n t i n g  f o r  i ts q u a l i t y .  For a g r i c u l t u r e ,  a d e c l i n i n g  l a b o u r  



f o r c e  is g e n e r a l l y  observed whi le  t h a t  of t h e  non- a g r i c u l t u r a l  s e c t o r  

h a s  cont inued t o  grow. Over t h e  1951-78 p e r i o d  t h e  number of workers i n  

a g r i c u l t u r e  decreased by approx imate ly  50 p e r c e n t ,  from 940 thousand (18  

p e r c e n t  of t h e  total  Canadian labour  f o r c e )  t o  473 thousand ( 5  p e r c e n t  of 

t h e  t o t a l  labour  f o r c e  1. 

The a g r i c u l t u r a l  l abour  f o r c e  is measured a s  t h e  number of 

pe rsons  employed i n  t h i s  s e c t o r  on a f u l l - t i m e  b a s i s .  Inc luded  a r e  owner 

o p e r a t o r  l a b o u r e r s ,  unpaid fami ly  l abour  and h i r e d  labour  on a f u l l - t i m e  

o r  seasona l  b a s i s .  W e  hypo thes ize  t h a t  t h e  s i z e  of t h i s  l abour  f o r c e  

depends on r e l a t i v e  e a r n i n g s  i n  t h e  a g r i c u l t u r a l  s e c t o r  v e r s u s  t h a t  of 

t h e  n o n a g r i c u l t u r a l  s e c t o r  ( s e e  Table 3 . 7 ) .  The m a j o r i t y  of t h i s  working 

f o r c e  r e p r e s e n t s  s k i l l e d  a g r i c u l t u r a l  workers and it is argued t h a t  ove r  

t h e  long  run it is t h e  s i z e  of  t h i s  s k i l l e d  f o r c e  t h a t  determines ou tpu t .  

Se.asona1 labour  needs a r e  n o t  cons ide red  to be a l i m i t i n g  f a c t o r  ove r  t h e  

l o n g e r  run; th rough  c a p i t a l  s u b s t i t u t i o n  o r  through improved s k i l l s  any 

c r i t i c a l  s e a s o n a l  s h o r t a g e s  w i l l  be e l i m i n a t e d .  Lopez (19801, Jones  

(1978) ,  and Tyrchniewicz and Schuh (1969)  have r e p o r t e d  i n  g r e a t e r  d e t a i l  

on t h i s  labour  s e c t o r .  

S e v e r a l  d i f f e r e n t  f u n c t i o n a l  forms f o r  l abour  a r e  es t ima ted  and 

r e s u l t s  a r e  p r e s e n t e d  i n  Tab le  3.7. I n  concep t ,  t h e s e  r e l a t i o n s h i p s  

d e s c r i b e  t h e  s i z e  of  t h e  a g r i c u l t u r a l  l abour  f o r c e  i n  t h e  c u r r e n t  y e a r  a s  

a n  ad jus tment  from t h e  p r e v i o u s  year  and i n  response t o  t h e  p a r i t y  

e a r n i n g s  between a g r i c u l t u r e  and n o n a g r i c u l t u r e .  The second e q u a t i o n  is 

chosen a s  be ing  most s u i t a b l e .  The c o e f f i c i e n t  cl t2 may be 

i n t e r p r e t e d  a s  t h e  p e r c e n t a g e  change i n  t h e  labour  f o r c e  due t o  a 

pe rcen tage  change i n  t h e  r a t i o  of t h e  e a r n i n g s  p e r  worker i n  t h e s e  two 



s e c t o r s .  Labour f o r c e  v a r i a b l e s  used a r e  p resen ted  i n  Tab le  3.7. 

Table 3.7 Labour Force and Re la t i ve  Earn ings f o r  A g r i c u l t u r a l  and 
Nonag r i cu l t u ra l  Sec to r s  

T o t a l  Ag r i cu l t u ra l  
~ a b o u r  Labour GDP A Z A 
Force Force GDPNA ZN A 

(000)  (000)  ( $  c o n s t a n t )  

Source: The Labour Force, Cat. No. 71-001, S t a t i s t i c s  Canada 

The va r i ous  f u n c t i o n a l  forms es t ima ted  a r e  p resen ted  as :  

L ; = ~  * 

[e41" 
* L; 

A 

* p * L = a  
t L1 

Zt-l 



G D ~ ~  = g r o s s  domest ic  p roduc t  of a g r i c u l t u r e  i n  y e a r  t ( i n  m i l l i o n  
n a t i o n a l  cu r rency  a t  c u r r e n t  p r i c e s )  

GDptNA = g r o s s  domest ic  p roduc t  of n o n a g r i c u l t u r e  i n  y e a r  t ( i n  
m i l l i o n  n a t i o n a l  cu r rency  a t  c u r r e n t  p r i c e s )  

L tA = a g r i c u l t u r a l  l abour  f o r c e  i n  year  t ( i n  1000 p e r s o n s )  

LtT = t o t a l  l abour  f o r c e  i n  year  t ( i n  1000 p e r s o n s )  

~t A = income p e r  a g r i c u l t u r a l  l a b o u r e r  i n  year  t 

?kNA = income per n o n a q r i c u l t u r a l  l aboure r  i n  year  t 

t = t i m e  ( t  = year  minus 1960) 

Equat ion  2 i s  chosen a s  be ing  mcst s u i t a b l e .  The a g r i c u l t u r a l  

l abour  f o r c e  i n  p e r i o d  t is determined p r i n c i p a l l y  by t h e  r e l a t i v e  income 

p e r  worker i n  t h e  farm s e c t o r  ve rsus  t h a t  of t h e  nonfarm s e c t o r .  The 

c o e f f i c i e n t  0.057 i n d i c a t e s  t h a t  a 1 p e r c e n t  change i n  t h i s  r a t i o  w i l l  

r e s u l t  i n  a 0.057 p e r c e n t  change i n  t h e  labour  f o r c e .  

Tab le  3 . 8 .  Empi r ica l  R e s u l t s  f o r  A g r i c u l t u r a l  Labour Force Funct ions  

V a r i a b l e  

4 
r s q u a ~ r u ~ r  t -2 

J-', L. - L'I c- 1 R D.W. 



To ob ta in  es t imates  of t o t a l  labour f o r  t he  ex a n t e  m d e l ,  simula- 

t i o n  regress ion c o e f f i c i e n t s  r e l a t i n g  labour p a r t i c i p a t i o n  r a t e  to t o t a l  

popul t ion a re  used. The c o e f f i c i e n t  of 0.4007 i n d i c a t e s  a p a r t i c i p a t i o n  

r a t e  of approximately 40%. Cur ren t l y ,  t h i s  r a t e  does not vary wi th t ime, 

al though it may be appropr ia te  t o  t e s t  whether t h i s  assumption i s  approp- 

r i a t e .  The da ta  p e r t a i n i n g  t o  t h i s  es t imate  a r e  presented i n  Table 3.9. 

They a r e  der ived from s t u d i e s  provided by t h e  I n t e r n a t i o n a l  Labour Organ- 

i za t i on .  

Table 3.9 To ta l  Observed and Estimated Populat ion and Labour 
P a r t i c i p a t i o n  Rates 

Year 
To ta l  

Populat ion 

Labour 
P a r t i c i p a t i o n  

Rate 

For model s imulat ion 5-year i n t e r v a l s  over t h e  pe r i od  1965 t o  2000 were 

used. An annual populat ion growth r a t e  f o r  t h e  per iod of approximately 1 

percen t  was obta ined from ILO. The propor t ion i n  t h e  a g r i c u l t u r a l  s e c t o r  

i s  thus  der ived. 

Arable Land 

The a g r i c u l t u r a l  land base i s  categor ized i n t o  two main types - 
a r a b l e  land and unimproved land. The a rab le  land base i s  e x p l i c i t l y  



t r e a t e d  i n  t h e  model by a l l o c a t i n g  it t o  one of t h e  e i g h t  uses -- t h e  

seven a l t e r n a t i v e s  s p e c i f i e d  o r  t o  surnmerfallow. Unimproved l a n d ,  used 

mainly f o r  p a s t u r i n g ,  is  no t  e x p l i c i t l y  d e a l t  w i th .  Through investments  

i n  l and  improvement p r a c t i c e s  t h e  amount of a r a b l e  land has inc reased  

s l i g h t l y  ove r  t h e  h i s t o r i c a l  p e r i o d  ( l e s s  than  1% p e r  annum). For simu- 

l a t i o n s  a  s imple  r e l a t i o n s h i p  s p e c i f y i n g  summer f a l l o w  ac reage  and a r a b l e  

a c r e a g e  is used t o  determine t h e  l e v e l  of t h i s  c o n s t r a i n t  f o r  t h e  a l l o c a -  

t i o n  model. D e t a i l s  of  t h e s e  s p e c i f i c a t i o n s  a r e  p r e s e n t e d  l a t e r .  

I n  s p e c i f y i n g  t h e s e  c a p i t a l ,  l abour  and land  i n p u t  f u n c t i o n s ,  

f a i r l y  s t r a i g h t f o w a r d  and perhaps s i m p l i s t i c  r e l a t i o n s h i p s  have been 

chosen.  S ince  t h i s  i n p u t  s e c t o r  i s  c r i t i c a l  t o  t h e  de te rm ina t ion  of 

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

a t tempted  a s  r e s o u r c e s  pe rm i t .  I t  may be d e s i r a b l e  t o  a t t e m p t  to dis- 

aggrega te  t h e s e  i n p u t s  b u t  i n  do ing s o  a  r e s t r u c t u r e d  a l l o c a t i o n  m d e l  

would a l s o  be r e q u i r e d .  W e  have been h e s i t a n t  t o  do so because of t h e  

d i f f i c u l t i e s  i nvo lved  i n  deve lop ing a  new a l g o r i t h m  s u i t a b l e  f o r  t h e  

r e s t r u c t u r e d  problem. Because of t h e  i t e r a t i v e  procedures invo lved i n  

t h e  e s t i m a t i o n  of t h e  p roduc t ion  f u n c t i o n  parameters  a  l i n k i n g  of s e v e r a l  

s o f t w a r e  packages is necessary .  To i n t r o d u c e  t h e s e  changes would r e q u i r e  

a  c o n s i d e r a b l e  amount of t i m e  and a  f a m i l i a r i t y  w i th  t h e  d i f f e r e n t  rout -  

i n e s .  These c o n s i d e r a t i o n s  have i n f l u e n c e d  t h e  model s p e c i f i e d  and con- 

s e q u e n t l y  t h e  d i r e c t i o n  of  t h e  work. The d i f f i c u l t i e s  invo lved i n  an 

a l t e r n a t i v e  s p e c i f i c a t i o n  shou ld  n o t  be underest imated.  Having d e t a i l e d  

t h e  manner i n  which t h e  r i g h t  hand s i d e  v a r i a b l e s  of  t h e  model a r e  e s t i -  

mated we now t u r n  t o  t h e  q u e s t i o n  of a t t e m p t i n g  t o  e s t i m a t e  v a r i a b l e  

c o s t s  f o r  each of  t h e  a c t i v i t i e s  ove r  t h e  h i s t o r i c a l  pe r iod .  



va r i ab les  of the  model a r e  est imated we now tu rn  t o  the quest ion of 

a t tempt ing t o  es t imate  va r i ab le  cos t s  fo r  each of t h e  a c t i v i t i e s  over t he  

h i s t o r i c a l  per iod.  

The Object ive Function 

The ob jec t i ve  func t ion  of t he  a l l o c a t i o n  model maximizes ex- 

pected t o t a l  revenue l e s s  cos t s .  The ob jec t i ve  func t ion  f o r  a s i ng le  

per iod  is def ined as:  

where (pie yie) is t h e  expected revenue per  u n i t  of a c t i v i t y ,  

Ci is a s e t  of inpu t  c o s t s  assoc ia ted  with product ion a l t e r n a t i v e  

i ( i = l . . . l l ) ,  and Ai i s  t h e  l e v e l  of t h e  a c t i v i t y .  Th is  s ta tement  of 

t h e  ob jec t i ve  funct ion requ i res  t h a t  some measure of expected re tu rns  and 

c o s t s  be spec i f i ed ,  over t h e  h i s t o r i c a l  per iod  1961-76, and over the 

f o r e c a s t  per iod,  f o r  each of t he  11 commdity groups. Input  c o s t s  cannot 

be neglected s i n c e  it i s  t h e  expected r e l a t i v e  p r o f i t a b i l i t y  of each 

a l t e r n a t i v e  t h a t  determines ou tpu t  i n  t h e  a l l o c a t i o n  model. 

There a r e  d i f f i c u l t i e s  involved i n  a t tempt ing to der ive  these  

c o e f f i c i e n t s  f o r  t he  ob jec t i ve  funct ion.  F i r s t l y ,  commodity p r i c e s  and 

i npu t  cos t s  must be aggregate so a s  t o  conform t o  each aggregate commod- 

i t y  group. Secondly, one must generate ob jec t i ve  funct ion c o e f f i c i e n t s  

f o r  t he  t i m e  series involved, both h i s t o r i c a l l y  and i n t o  t h e  fo recas t  

per iod.  

Since expected p r i c e s  o r  expected p r o f i t s  determine a l l o c a t i o n  

dec is ions  var ious p r i c e  expec ta t ion  models may be considered (Box and 

Jenk ins,  1970, Nerlove, 1971, Kantor, 1979). I t  is not c l e a r  which 

approach is appropr ia te .  F ischer  and Frohberg (1980) adopted a naive 



expec ta t i ons  model where expected p r i c e s  t h i s  year  a r e  equal  t o  l a s t  

y e a r ' s  p r i c e s .  The r e s u l t s  repor ted  i n  t h i s  s tudy  adopt  a s i m i l a r  

approach,  a l though t h e  Box-Jenkins methodology (1970)  w a s  a l s o  t r i e d  ( s e e  

Appendix C ) .  Farmers respond t o  expected revenues and t h e r e  a r e  expected 

p r i c e  and expected y i e l d  components t he reo f .  I t  is recognized t h a t  an 

accu ra te  s p e c i f i c a t i o n  of t h e s e  components merits f u r t h e r  s tudy .  

I n  t h e  a l l o c a t i o n  model t h e  va lue  of by-products de r i ved  from t h e  

pr imary  a g r i c u l t u r a l  p roduc t  a r e  added t o  t h e  pr imary product  t o  o b t a i n  

t h e  p r i c e  p e r  un i t .  Items f a l l i n g  i n t o  byproduct c a t e g o r i e s  inc lude  

f a t s ,  meat and f i s h  meal, s k i ns ,  wool and h a i r ,  e t c .  It is argued by 

F i sche r  and Frohberg t h a t  byproducts r ep resen t  a s i g n i f i c a n t  component of 

t h e  p r i c e  t o  which farmers  r e a c t .  S ince  byproduct va lues  appear re la -  

t i v e l y  small i n  Canada, it w a s  a l s o  decided t h a t  byproduct va lues  would 

not  be added t o  t h e  p r i c e .  

A s  noted by t h e  o b j e c t i v e  func t ion  farmers  a r e  assumed to maximize 

expected p r o f i t s .  Es t ima tes  of v a r i a b l e  i npu t  c o s t s  per  u n i t  of a c t i v i t y  

a r e  d i f f i c u l t  t o  ob ta i n .  I n  t h e  BLS a l l o c a t i o n  model, c a p i t a l ,  labour  

and f e r t i l i z e r  a r e  t r e a t e d  a s  f i x e d  resources  to be a l l o c a t e d  between a l -  

t e r n a t i v e s .  A s  such,  t h e i r  c o s t s  may be ignored.  Feed c o s t s  a r e  sub- 

t r a c t e d  f o r  l i v e s t o c k  p roduc ts  bu t  o t h e r  v a r i a b l e  c o s t s  f o r  o t h e r  prod- 

u c t s  a r e  ignored.  The procedure adopted i n  t h i s  s t udy  e x p l i c i t l y  a t -  

tempts  t o  recognize v a r i a b l e  i npu t  c o s t s .  The d i f f i c u l t i e s  encountered 

i n  t h e  approach a r e  noted.  

I npu t  Cos ts  

I npu t  c o s t s  pe r  u n i t  of a c t i v i t y  a r e  der i ved  f o r  two reasons.  

F i r s t l y ,  r e l a t i v e  c o s t s  a f f e c t  a l l o c a t i o n  dec i s i ons .  Secondly, i n p u t s  



from t h e  n o n a g r i c u l t u r a l  s e c t o r  used i n  t h e  a g r i c u l t u r a l  s e c t o r  ( i n t e r -  

- i n d u s t r y  f lows)  must be accounted f o r  s i n c e  t h e  framework of t h e  m d e l  

is genera l  e q u i l i b r i u m  i n  na tu re .  I n  a t t e m p t i n g  t o  meet t h i s  r e q u i r a n e n t  

t h e  p r i n c i p a l  d i f f i c u l t y  encountered is t h a t  of hav ing enough in fo rmat ion  

t o  be a b l e  t o  a l l o c a t e  purchased i n p u t s  between t h e  a l t e r n a t i v e s  produced 

on a farm. T h i s  c o s t  a l l o c a t i o n  remains a problem even a t  t h e  l e v e l  of 

a g g r e g a t i o n  r e q u i r e d  f o r  t h e  a l l o c a t i o n  model. Canadian census  s t a t i s -  

t i c s  do n o t  a l l o c a t e  c o s t s  between commodities and in fo rmat ion  on t o t a l  

v a r i a b l e  c o s t s  p e r  farm is  n o t  h e l p f u l  s i n c e  it is a l s o  necessary  t o  know 

i n p u t  l e v e l s  p e r  u n i t  of a c t i v i t y .  W e  have a t tempted  to  make an a l l oca -  

t i o n  of v a r i a b l e  c o s t s  and d e s c r i b e  t h e  methodology adopted.  

One p o s s i b l e  a l l o c a t i o n  procedure relies on farm budget  data 

p r e p a r e d  by s p e c i a l i s t s  f o r  p a r t i c u l a r  fa rming systems. These budget 

d a t a  are a v a i l a b l e  from many d i f f e r e n t  sources .  Federa l  and p r o v i n c i a l  

farm management s p e c i a l i s t s  p r e p a r e  consensus budgets  on an ongoing b a s i s  

f o r  v a r i o u s  commodities and f o r  v a r i o u s  produc ing a r e a s .  Cost  of produc- 

t i o n  su rveys  bo th  n a t i o n a l  and r e g i o n a l  have been under taken.  Inform- 

a t i o n  on c o s t s  is  c o l l e c t e d  t o  e s t i m a t e  suppor t  l e v e l s  under t h e  Agri- 

c u l t u r a l  S t a b i l i z a t i o n  A c t .  CANFARM r e c o r d s  c o u l d  r e p r e s e n t  a n o t h e r  

s o u r c e .  These budget  d a t a  a r e  g e n e r a l l y  no t  a v a i l a b l e  on an annual  

b a s i s ,  nor a r e  they  a v a i l a b l e  f o r  a l l  of t h e  11 comnmdities de f ined  i n  

t h e  a l l o c a t i o n  nmdel. A s  w e l l ,  t h e  procedure used and i n p u t  i tems 

accounted f o r  d i f f e r  by source .  I t  is a l s o  a n t i c i p a t e d  t h a t  i f  an a t -  

tempt were made t o  e x t r a p o l a t e  t h e s e  budget  d a t a  t o  a n a t i o n a l  account  

l e v e l ,  i n c o n s i s t e n c i e s  would occur .  I n  g e n e r a l ,  it is expected t h a t  



budget da ta  w i l l  spec i fy  h igher  input  l e v e l s  than a r e  found i n  p r a c t i c e  

f o r  an average farm. I t  is  hypothesized t h a t  these  da ta  t y p i c a l l y  repre- 

s e n t  an above average farming s i t u a t i o n .  Some evidence t o  support  t h i s  

view is presented by our a n a l y s i s  of t ax  f i l e r  da ta  t h a t  fo l lows.  

The approach t o  a l l o c a t i n g  c o s t s  adopted i n  t h i s  s tudy is  t o  r e l y  

on a 1974 sample of t a x  f i l e r  da ta  (150,000 farmers)  and toge ther  wi th 

informat ion from t h e  1974 input-output t a b l e  a t tempt  t o  provide a consis- 

t e n t  a l l o c a t i o n  of c o s t s  between commodities. The sample of t ax  f i l l e r  

d a t a  co l l ec ted  by Revenue Canada was s t r a t i f i e d  by source, l e v e l  of 

income, a rea  of res idence and tax  s t a t u s .  The fol lowing major inpu t  c o s t  

i t e m s  have been summed to represent  t o t a l  va r i ab le  o r  opera t ing  cos ts  per 

u n i t  of a c t i v i t y :  feed ,  f e r t i l i z e r ,  chemicals,  gas,  o i l  and energy, 

machinery opera t ing  expenses, bu i ld ing  opera t ing  expenses and o the r  

cos t s .  

I n t e r i n d u s t r y  input-output t a b l e s  f o r  Canada, a t  t h e  mst de ta i l -  

e d  l e v e l ,  have been balanced f o r  191 i n d u s t r i e s ,  595 commodities and 136 

ca tego r i es  of f i n a l  demand ( S t a t i s t i c s  Canada, 1979).  I n  s p i t e  of t h i s  

d e t a i l ,  a problem f o r  t he  a g r i c u l t u r a l  s e c t o r  is  t h a t  t h e  sec to r  is 

t r e a t e d  a s  one indus t ry .  We have at tempted t o  d isagqregate t h e  s e c t o r  by 

us ing t a x  f i l e r  da ta ,  t hus  prov id ing a breakdown f o r  t h e  major agr i -  

c u l t u r a l  commodity groups by c o s t  item. Each c o s t  i tem mul t ip l ied  by t h e  

l e v e l  of t h e  s e c t o r  w i l l  provide an es t imate  of purchased i npu ts  f o r  t h a t  

s e c t o r  and i f  these  a r e  a l l  summed an es t imate  of t o t a l  inpu t  use f o r  a l l  

a g r i c u l t u r a l  sec to rs  is provided. 



Th i s  es t ima te  shou ld  be c o n s i s t e n t  w i th  t h e  "use" l e v e l  repor ted  

by t h e  "use" mat r ix  of t h e  a g r i c u l t u r a l  s e c t o r  i n  t h e  input -output  t a b l e .  

The "use" mat r ix  of t h e  1974 input -output  t a b l e s  i n d i c a t e s  i n p u t s  f o r  t h e  

e n t i r e  a g r i c u l t u r a l  s e c t o r  ( i n c l u d i n g  r e t u r n s  t o  r esou rces )  t o  be $9,099 

m i l l i on .  A grouping of i t ems  shows commercial feed c o s t s  a s  $1,040 

m i l l i o n ,  f e r t i l i z e r  c o s t s  a s  $118 m i l l i o n ,  chemica ls  c o s t  $252 m i l l i o n ,  

gas ,  o i l  and energy c o s t s  a s  $357 m i l l i o n ,  b u i l d i n g  c o s t s  a s  $195 m i l l i o n  

and machinery c o s t s  to be  $680 m i l l i on .  

The t a x  f i l e r  sample covers  51,800 wheat farmers ,  10,000 coa rse  

g r a i n  farmers ,  3 1,030 d a i r y  farmers ,  48,180 beef farmers ,  2,980 p o u l t r y  

fa rmers ,  12,190 hog farmers  and sma l le r  numbers i n  t h e  o t h e r  c a t e g o r i e s  

o f  i n t e r e s t .  For each of t h e s e  groups of fa rmers ,  a l i s t i n g  of t h e i r  

c o s t s  and r e t u r n s  i s  prov ided.  Table 3.10 i l l u s t r a t e s  a s e t  of t h e s e  

r e c e i p t  and c o s t  d a t a  and i n d i c a t e s  t he  breakdown of i npu t  c o s t s  f o r  

31,030 d a i r y  farmers.  S im i l a r  in format ion is a v a i l a b l e  f o r  t h e  o t h e r  

commodity groups of i n t e r e s t .  

The d e t a i l e d  in fo rmat ion  provided on c o s t s  f o r  wheat farmers 

i n d i c a t e d  i n  Tab le  3.10 may be aggregated i n t o  11 c o s t  i tems a s  i nd i ca ted  

i n  Tab le  3.11. L ikewise,  it is p o s s i b l e  t o  aggrega te  c o s t s  f o r  o t h e r  

cormnodity groups inc luded  i n  t h i s  t a x  f i l e r  sample, namely, coarse  g r a i n  

farmers ,  co rn  farmers ,  o i l  seed farmers and so  f o r t h .  Cos ts  f o r  each of 

t h e s e  groups f o r  each of t h e  11 c o s t  i tems a r e  i n d i c a t e d  i n  Tab le  3.11. 

A f u r t h e r  s t e p  invo lves  aggrega t ing  t h e  11 i t ems  i n t o  7 c o s t  i tems. 

These da ta  then r e p r e s e n t  t o t a l  c o s t s  by t h e  i tem For each of t h e  major 

a g r i c u l t u r a l  e n t e r p r i s e s  covered i n  t h e  sample (Tab le  3.12).  



Table 3.10 Farm Income and Expense Budgets f o r  Dairy Farmers i n  
Canada, 1974; a b s t r a c t e d  from t a x - f i l e r  da ta .  

A l l  S i z e s  
Number Average Average/Farm 

Repor t ing /Farm Repor t ing 
( $ 1  ( $ 1  

Wheat 
O a t s  
Bar ley  
Flaxseed 
Rapeseed 
Po ta toes  
Corn 
Other  Crops 
CWB Payments 
CWB Cash Advance 
Forage Crops 
C a t t l e  
Hogs 
Pou l t r y  
Other  L ivestock 
Breeding Fees 
Fur Animal and P e l t s  

Eggs 
Dairy ( I n c .  Subs id i es )  
F r u i t s  
Vegetab les  
Honey and Maple Products  
Wood 
Sand and Gravel  
Custom Work 
Pat ronage Dividends 
Gasol ine Tax Rebates 
Subs id ies  
Insurance Proceeds 
Other Farm Income 

TOTAL RECEIPTS 31,030 29,864 29,864 



Table 3.10 Cont.) 

Expenses 

S a l a r i e s  and wages: Hired Only 
CPP o r  WPP f o r  Employees 
U I C  o r  WC f o r  Employees 
Rent (Land, Bu i ld ings  
I n t e r e s t  
Taxes 
Insurance Premiums 
Bu i ld ing  Fence Repai rs  
Machinery Gas and O i l  
Machinery Expenses 
Automobile Gas and O i l  
Automobile Expenses 
C a t t l e  
Hogs 
Pou l t r y  
Other  L ivestock 
Fur Breeding Stock 
Breeding Fees 
V e t .  Fees and Medicine 
Feed and Straw 
F e r t i l i z e r  
Sprays and Chemicals 
Seeds and P l a n t s  
CWB Advance Repayment 
Conta iners  and Twine 
Custom Work 
Telephone and E l e c t r i c i t y  
Accounting and Legal  Fees 
Improving Land 
Other  Expenses 
C a p i t a l  Cost  Allowance 
E l i g i b l e  C a p i t a l  P roper ty  

TOTAL EXPENSES 

Off Farm Income 

Wages 
Se l f  Employment 
Investment 
Other Income 
Family Allowances 
Off-Farm Income 

NET FARM INCOME 31,O 30 

TOTAL NET INCOME 31,030 

SAMPLE SIZE 3,161 



Table 3.11 Tax F i l e r  Expenses by Commodity. Canada 1974 

Coarse . O i l  
Wheat Grains Corn Seeds Fru i ts  Vegetables Potatoes Hogs Poultry Eggs Dairy Beef Total 

Bldg. & Fence 
Machinery: 

Gas & O i l  
Expenses 

Auto : 
Gas & O i l  
Expenses 

v e t .  & 

Medicine 
Feeds & Straw 
F e r t i l i z e r  
Sprays & 

Chemicals 
Twine 
Te l .  & Elec. 
Other Expenses 



S i n c e  t h e  sample s i z e  of t a x  f i l e r s  f o r  each of t h e  commodity 

g roups  is n o t  a c o n s t a n t  p r o p o r t i o n  o f  t h e  p o p u l a t i o n ,  and s i n c e  t h e  

number of p r imary  p r o d u c e r s  f a l l i n g  i n t o  each  o f  t h e  commodity c l a s s i f i -  

c a t i o n s  is  d e b a t a b l e  and depends on t h e  asumpt ions  made, a means of 

r e l a t i n g  expenses  f o r  t h e  sample of f a rmers  to t h e  "use"  m a t r i x  of t h e  

i n p u t - o u t p u t  t a b l e  f o r  1974 w a s  dev i sed .  By compar ing t o t a l  expenses  p e r  

i t e m  f o r  t h e  sample o f  t a x  f i l e r s  w i th  t o t a l  expenses  p e r  i t e m  as r e p o r t -  

e d  i n  t h e  "use"  m a t r i x  o f  t h e  i n p u t - o u t p u t  t a b l e  a n  e s t i m a t e  of propor-  

t i o n  o f  each expense i t e m  cove red  i n  t h e  sample  i s  p r o v i d e d  ( T a b l e  3 .12 ) .  

Fo r  example feed purchased  is r e p o r t e d  t o  amount t o  $1,045 m i l l i o n  i n  t h e  

"use"  m a t r i x ,  t h e  sample  o f  t a x  f i l e r s  r e p o r t s  h a v i n g  s p e n t  $516 m i l l i o n  

o f  f eed .  R a i s i n g  t h e  la t ter  by a f a c t o r  o f  2.025 would make t h e  c o s t s  

s imi la r .  For f e r t i l i z e r  expenses  t h e  f a c t o r  is 1.23,  f o r  chemica l s  4.42, 

a n d  s o  f o r t h .  

T a b l e  3.12 A compar ison  o f  t o t a l  i n p u t  c o s t s  by c a t e g o r y  as 
r e p o r t e d  i n  t h e  u s e  m a t r i x  and by a sample of t a x  
f i l e r  d a t a .  

I / o  Tax 
T a b l e  F i l e r s  Coverage 

(m. '$ )  % 

Purchase  Feeds  1 ,045  516 49.4 
F e r t i l i z e r s  118 9 6  81.3 
Chemica ls  252 5 7 22.6 
Gas, O i l  and Energy C o s t s  359 227 63.3 
Machinery Maintenance C o s t s  5 7 5 282 49.0 
B u i l d i n g  Main tenance C o s t s  16 7 68  40.7 
O t h e r  C o s t s  90 8 3  92.2 

A fo rmu la  is used  t o  make t a x  f i l e r  r e t u r n s  c o n s i s t e n t  w i t h  t h e  

- i n p u t - o u t p u t  d a t a :  Ci - aiI i j  



where: Ci = t o t a l  c o s t s  f o r  c o s t  i tem i, 

I i j  = i n p u t  c o s t s  f o r  i tem i f o r  commodity j 

a i = a c o e f f i c i e n t  requ i red  t o  r a i s e  c o s t  i t e m  i 

such t h a t  t o t a l  expenses f o r  t a x  f i l e r  

d a t a  c o n s i s t e n t  wi th input -output  da ta .  

The r e s u l t  p rov ides  a d isaggrega t ion  of i npu t  c o s t s  of t h e  1/0 t a b l e  by 

a g r i c u l t u r a l  commodity (Tab le  3 .13) .  The sum of a l l  c o s t s  i s  c o n s i s t e n t  

w i th  t h a t  of t h e  "use" column f o r  t h e  a g r i c u l t u r a l  i ndus t r y .  The pr imary 

i n p u t s  i n  t h e  1/0 t a b l e  a t  t h e  medium l e v e l  of aggregat ion is 100, t h a t  

a t  t h e  "smal l  l e v e l "  is  49 and t hese  have been aggregated i n t o  7 i n p u t  

i tems shown i n  Table  3.13. 

Inpu t  c o s t s  f o r  1974 may be expressed a s  c o s t s  per u n i t  of 

a c t i v i t y ,  g iven t h e  commodity c l a s s i f i c a t i o n s  f o r  t h e  a l l o c a t i o n  rode l  

and knowing t h e  observed l e v e l s  of ou tpu t  f o r  t h a t  year.  These a r e  

i n d i c a t e d  i n  Table  3.14. Add i t i ona l l y ,  an es t ima te  of i npu t  c o s t s  per 

u n i t  of a c t i v i t y  must a l s o  be provided over  t h e  es t imat ion  pe r i od  (1961 

t o  1976) and over t h e  f o r e c a s t  per iod .  Based on t h e  assumption t h a t  t h i s  

i n p u t  mix does no t  change over  t i m e ,  an index of i npu t  c o s t s  by category  

i s  used t o  es t ima te  c o s t s  over  t h e  es t imat ion  per iod .  Over t h e  f o r e c a s t  

pe r i od  t h e  non-agr i cu l tu ra l  s e c t o r  is t r e a t e d  a s  a s i n g l e  s e c t o r  and 

t h e r e f o r e  r e l a t i v e  i npu t  c o s t s  f o r  t h e  d i f f e r e n t  i tems a r e  unknown. The 

p r i c e  of t h e  10 th  commodity ( t h e  non-agr i cu l tu ra l  s e c t o r )  may be used. 

A l t e r n a t i v e l y ,  one may adopt  scena r i o  a n a l y s i s  t o  examine t r ends  i n  

i n d i v i d u a l  c o s t  i tems. 
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I t  is noted tha t  t h i s  al locat ion approach had problems. For the 

dairy sector t o t a l  variable costs exceeded t o t a l  receipts over some of 

the 16 years. Various explanations may be considered. I f  tax f i l l e r  

sample data were avai lable t o  repeat the analyses for a number of d i f fer-  

ent  years perhaps some discrepancies may be pinpointed. Because of the 

problem noted i n  the dairy sector an a l ternat ive approach was adopted and 

t h i s  is reported below. The method however, does o f fer  an approach for  

disaggregation of the 1 / 0  tab le  for  the agr icu l tura l  sector  and thus pro- 

vides information unavailable from other sources. 

The current ly used disaggregation procedure compares t o t a l  

returns as reported by the sample of tax f i l l e r s  (per c o m d i t y  group) 

with t o t a l  cash rece ip ts  for  1974 t o  estimate sampling ra t ios .  These 

ra t i os  are used t o  adjust  expenses for  each of the commodity groups t o  a 

leve l  consistent with the t o t a l  population. Essent ia l ly ,  the procedure 

is  the same as t ha t  reported above but the sum of individual cost items 

i s  no longer consistent with the use column of the input-output table. 

In Table 3.15 t o t a l  receipts as reported by each of the tax f i l e r  samples 

i s  compared to  t o t a l  cash rece ip ts  reported by S t a t i s t i c s  Canada. The 

r a t i o  of receipts reported by tax f i l e r s  to  tha t  of t o t a l  cash receipts 

provides an estimate of sample s ize  and t h i s  is used to  weight input 

costs.  

Costs per un i t  of ac t i v i t y  are presented i n  Table 3.16. The 

estimates were derived by ra is ing t o t a l  costs by commodity group by the 

fac tor  indicated and then using output levels (acreages, tonnes, e t c . )  t o  

derive costs on a per un i t  basis. A comparison of these costs (per  un i t )  

with those derived using other procedures indicates problems are st i l l  



Tab le  3.14 The c o s t  m a t r i x  -- i n p u t  c o s t s  p e r  u n i t  of  a c t i v i t y  f o r  t h e  a l l o c a t i o n  m d e l .  

Coarse  
Wheat G r a i n s  O i l  Seeds  F r u i t s  V e g e t a b l e s  Pork P o u l t r y  Da i ry  Beef 

Un i t  a c .  a c .  a c .  a c .  a c .  m. tons m. tons head head 
( $ / u n i t )  

Feed 1 . 5  1 . 5  0.8 64.5 28.5 392.4 1453.2 198.3 29.9 
F e r t i l i z e r  1 .7  1 .7  2.9 165.6 40.0 17 .5  23.5 12.9 3.2 
Chemicals  3.6 3.6 5.0 397.3 35.2 28.4 149  5 34.6 7.2 
Gas, O i l  & 

Energy 6.8 6.8 5.5 315.1 53.8 47.2 84 .0  40.1 11.4 
Machinery Ex. 11.7 11.7 2.0 642.8 110.9 71.3 89.2 61.0 16.6 
B u i l d i n g  Ex. 2.3 2.3 1 .6  133.4 23.3 26.2 35.9 26.3 5.7 
Other  1 7 1 .7  0.7 201.2 21.5 1 0 . 2  64.6 15.0 2.5 



T a b l e  3.15 T o t a l  Expenses  and R e c e i p t s  f o r  Tax F i l e r  R e t u r n s  by Commodity Group ings  - 1974  

Coarse  
Wheat G r a i n s  O i l  Seeds  F r u i t s  V e g e t a b l e s  Pork P o u l t r y  Da i r y  Beef 

# Repor t i ng  51,800 10 ,258 6 ,370  4,650 3 ,855  12 ,190 2,980 31,030 48,180 
(OOO1$) 

Expenses : 
Feed 10 ,722 2,154 841  702 3 ,889  107,272 77,576 201,695 110,814 
F e r t i l i z e r  18 ,026 6,630 5 ,090  2,966 9,328 7,874 2,064 24,141 19 ,513 
Chemica ls  12 ,121  2,084 2,484 1 ,980  2,282 3,559 3,657 16 ,135  12 ,286  
Gas, O i l  & 

Energy 65,165 11 ,135  7 ,643  4,393 9 , 7 6 5  16 ,553  5 ,744  52,222 24,128 
Machinery Ex. 91,997 11,642 7,432 6 ,942  16 ,536 19 ,345 4,728 61,594 42,605 
B u i l d i n g  & 

Fence R e p a i r s  14,O 37 2,263 1 ,446  1 ,190  2,708 5 ,875  1 ,573  21,907 17 ,297 
O the r  Expenses 11 ,759 1 , 9 4 5  1 ,446  4 ,106  5 ,736  5,242 6 ,471  28,578 17 ,586 

R e c e i p t s :  
Tax Re tu rns  985,857 118,355 107,238 72,535 148,494 314,636 167,316 926,679 942,015 

T o t a l  Repor ted 
Farm Cash 

1 ,745 ,000 620,000 552 , 000 1 ,226 ,000 778,000 741,000 1 ,317 ,000 1 ,681 ,000 

Tax Re tu rn  R e c e i p t s  
a t  % o f  T o t a l  Farm 
Cash R e c e i p t s  56 1 9  1 9  

F a c t o r  1 .78 5.26 5.26 5.55 2.5 4.54 1 . 4 3  1 .78  



T a b l e  3.16 Expenses per u n i t  f o r  a l l o c a t i o n  model - 1974 

Coa rse  V e g e t a b l e s ,  F r u i t s  
Wheat G r a i n s  O i l  Seeds & Ind.  Crops  Pork P o u l t r y  D a i r y  Beef 

Un i t  ( $ / a c . )  a c .  a c  . a c  . m.tons m.tons per per beef 
p r o t .  eq .  cow a .u .  

Feed 2.70 2.70 2.0 
F e r t i l i z e r  3.70 3.70 12.3 
Chemica ls  1.8 1.8 6.0 
Gas,  O i l  & 

Energy 9.8 9 .8  18.4 
Machinery Ex. 12 .6  12.6 17 .9  
~ u i l d i n g  & 

Fence R e p a i r s  2.1 2 .1  3.5 
O the r  Expenses 1.7 1.7 3.4 

TOTAL 34.4 34.4 102.2 932.4 653.5 4,189.3 281.7 50.4 



evident. The procedure adopted should be viewed as an attempt to provide 

input costs without a major commitment of resources to addit ional primary 

data col lect ion. 

The al locat ion of feed costs t o  l ivestock 

An important cost  component in l ivestock production is feed 

costs.  I t  is,  therefore, a lso necessary to determine feed requirements 

per un i t  of l ivestock product. 

Aside from t h i s  cost  a l locat ion problem it is also important to  

be able t o  determine tha t  proportion of t o t a l  grain supply or other feed 

s t u f f s  required for  l ive- stock production. This aspect is also extreme- 

l y  important from a t rade point of view since in  Canada a large propor- 

t i on  of coarse grain supply is  fed, leaving exports as the residual.  

Corn and other protein feeds are imported. 

Supply u t i l i za t i on  accounts indicate t o t a l  feed use for  each 

feedstuff over the h is to r i ca l  period but do not a l locate  t h i s  feed use 

between l ivestock categories. Over the forecast period a complete 

accounting of the supply and use of feeds is also required. 

In attempting t o  de ta i l  feed use several d i f ferent  approaches are 

possible. One approach is based on the physiological requirements of 

d i f ferent  c lasses of animals. Knowing these dai ly requirements over the 

d i f fe ren t  feeding periods and over d i f ferent  l ivestock categories an 

estimate of t o t a l  annual requirements for  a l l  l ivestock may be provided. 

It is also possible to  attempt t o  consider the nutr ient  content of each 

feedstuff and re la te  these to  the nutr ient  requirements for  each animal 



c l a s s .  An i n t e n s i v e  research  e f f o r t  (Candler  e t  a l .  1974) at tempted to -- 

balance requirements a g a i n s t  supply f o r  a breakdown of 16 d i f f e r e n t  

* 
animal c l a s s e s  and f o r  13 d i f f e r e n t  sources  of feed. Nu t r i en t  speci- 

f i c a t i o n s  inc luded p r o t e i n  and energy con ten t  and o t h e r  requirements of 

importance. A ba lance  between feed supply and feed  demand over  one year  

was at tempted.  Est imates were a l s o  reg iona l i zed  by province.  

Var ious d i f f i c u l t i e s  were encountered i n  t h i s  work. Genera l ly ,  

it was found t h a t  es t imated  feed  requ i rements  f o r  an aggrega te  of a l l  

an imals  appeared t o  be l e s s  than t o t a l  supp l i es .  Therefore ,  i n  o r d e r  t o  

ba lance apparent  feed  d isappearance wi th feed requ i rements  an adjustment 

i n  t h e  requirements was appropr ia te .  E s s e n t i a l l y ,  t h e  approach d e t a i l e d  

i n  t h i s  s tudy fo l lows a s imi la r  approach bu t  requirements are not  balanc- 

e d  on t h e  b a s i s  of a l e a s t  c o s t  formula t ion procedure.  Var ious animal 

c a t e g o r i e s  have been s p e c i f i e d ,  t h e i r  requirements per  feed category  over 

a one-year per iod  were determined, and an a t tempt  w a s  made to balance 

s u p p l i e s  and use. 

I t  is a l s o  noted t h a t  t a x  f i l e r  data t oge the r  w i th  in format ion 

from t h e  Canadian input -output  t a b l e ,  f o r  1974, prov ides an estimate of 

purchased feed  use  by l i v e s t o c k  s e c t o r .  The d isadvantage i n  t h i s  

*Animal c l a s s e s  - b u l l s ,  milk cows, y e a r l i n g  d a i r y  h e i f e r s ,  - beef 
cows, replacement h e i f e r s ,  f e d  h e i f e r s ,  d a i r y  ca l ves ,  beef ca l ves ,  ' s t ee rs  
1 year  and over ,  p i g s  under 6 months, p i gs  over  6 months, b r o i l e r  
ch ickens,  l a y i n g  hens,  o t h e r  pou l t r y ,  lambs, sheep. 

Feeds tu f f s  - wheat, o a t s ,  ba r l ey ,  rapeseed meal, corn,  mixed g ra i n ,  
m i l l f eeds ,  sc reen ings ,  soybean meal, hay, co rn  fodder ,  improved pas tu re ,  
unimproved pas tu re .  



approach is t h a t  "on farm" feed use is not accounted f o r  and it would be 

f a i r l y  d i f f i c u l t  t o  decide on appropr ia te a l l oca t i on  ru les  f o r  t h i s  "on 

farm" use. A s t a r t i n g  po in t  could assume t h a t  pou l t ry  and hog feeding 

o f ten  involves formula feeds purchased from mills, whereas the  beef herd 

i s  genera l ly  fed gra in  not passing through commercial channels. The 

da i ry  herd i s  fed both home-grown and purchased feeds. 

An a l t e r n a t i v e  econometric approach involves speci fy ing a fun- 

t i o n a l  re la t i onsh ip  between feed requirements fo r  each feedstuf f  category 

and t h e  number of animals fed or  gross output per animal category. These 

func t iona l  re la t i onsh ips  have been est imated and a re  reported on. In 

t h i s  approach a disaggregat ion of feed use by each c l a s s  of animal has 

no t  been attempted, mainly because it i s  not necessary. The supply 

u t i l i z a t i o n  accounts requ i re  an est imate of t o t a l  feed use and it is  only 

f o r  t he  a l l oca t i on  model t h a t  an a l l oca t i on  of feeds t o  d i f f e r e n t  animal 

c lasses  is  requi red.  

Roughage is  a l s o  an important component of feed f o r  both the  

da i ry  and beef herd. In  the  confrontat ion model developed by Candler et 

a 1  (1974) an attempt was made t o  d e t a i l  t h e  a l l oca t i on  of corn fodder, - 
hay, improved pas ture  and unimproved pasture.  The l a t t e r  t h ree  categor- 

i e s  were regional ized.  Both winter  and summer feeding requirement d i f -  

ferences were considered. A reg iona l  a g r i c u l t u r a l  model (Harr ington, et 

a l .  1977) us ing  a l i n e a r  programming approach div ided the  grazing season - 

i n t o  3 per iods (pas tu re  feeding May and June, Ju l y  and August, and 

September and October) and 3 d i f f e r e n t  methods of preserving feed f o r  

winter  were de ta i l ed  (hay, ce rea l  s i l a g e  and s t raw) .  Various sources of 



f eed  were cons idered - namely improved and unimproved pas tu re ,  g r a s s  hay, 

p e r r e n n i a l  hay and g r a s s  and corn s i l a g e .  Capab i l i t y  maps f o r  Canada 

based on c l imate  and s o i l  c h a r a c t e r i s t i c s  show v a s t  a r e a s  f a l l i n g  i n t o  

c l a s s e s  5 and 6 - a c l a s s  of use p r ima r i l y  s u i t e d  t o  graz ing.  A study by 

Graham (1977) a t tempted t o  es t ima te  t h e  va lue  of crown range o r  community 

p a s t u r e s  assuming t h a t  beef ranchers  a d j u s t  t h e i r  herd s i z e  t o  t h e  

a v a i l a b i l i t y  of s c a r c e  e a r l y  sp r i ng ,  summer o r  f a l l  g raz ing.  The shadow 

p r i c e  of an animal  u n i t  month of g raz ing  w a s  determined us ing  30 

d i f f e r e n t  ranches a s  case  s tudy  s i t u a t i o n s .  These r e p o r t s  have i nd i ca ted  

some of t h e  d i f f i c u l t i e s  assoc ia ted  wi th  a t tempt ing  to cons ider  t h e  

a l l o c a t i o n  of roughage to var ious  animal groups. 

Canadian supply u t i l i z a t i o n  accounts f o r  f e e d s t u f f s  do no t  d e t a i l  

t h e  va r ious  c a t e g o r i e s  of roughage. Even i f  t hey  d i d ,  an a l l o c a t i o n  

would be d i f f i c u l t .  The approach adopted i n  t h i s  work c l a s s i f i e s  rough- 

age i n t o  2 c l a s s e s  - improved and unimproved p a s t u r e  ca tego r i es .  The 

unimproved category  is cons idered t o  be u t i l i z e d  e n t i r e l y  f o r  summer 

graz ing.  Given t h e  v a s t  a r e a s  of summerfallow (approx imate ly  11 mi l l i on  

h e c t a r e s )  and land  fo l low ing  i n t o  c l a s s e s  5 and 6 ,  it is assumed t h a t  

summer g raz ing  does no t  l i m i t  t h e  expansion of t h e  beef and d a i r y  herds 

ove r  t h e  pe r i od  of i n t e r e s t .  However, improved pas tu re ,  some of which is 

used f o r  e a r l y  s p r i n g  g raz ing  and t h e  ma jo r i t y  the reo f  which is used f o r  

w in te r  feed  purposes (hay  and s i l a g e ) ,  is a l i m i t i n g  f a c t o r .  

I n  t h e  a l l o c a t i o n  m d e l  t o t a l  a v a i l a b l e  land i s  a l l o c a t e d  t o  

t h r e e  major uses - summerfallow, improved p a s t u r e s  o r  g ra i ns  and o t h e r  

crops.  An expansion of t h e  herd s i z e  r e q u i r e s  more land i n  improved 



p a s t u r e s  and t h i s  expansion i s  o n l y  p o s s i b l e  i f  less land  i s  a l l o c a t e d  t o  

summerfallow o r  t o  g r a i n s  and o t h e r  c rops .  Over t h e  p lann ing  ho r i zon  a s  

t h e  t o t a l  improved l a n d  a r e a  i s  i n c r e a s e d  (due t o  t h e  b reak ing  of  more l a n d )  

o r  a s  l e s s  land  is a l l o c a t e d  t o  summerfallow, a l a r g e r  ac reage  may be 

a l l o c a t e d  t o  o t h e r  uses .  The c a r r y i n g  c a p a c i t y  of  improved p a s t u r e s  (an imal  

u n i t s  p e r  a c r e )  h a s  t r e n d e d  upward over  t h e  h i s t o r i c a l  pe r iod .  The ana lyses  

a l l o w s  f o r  t h i s  t r e n d .  Given t h e  importance of t h e  g r a z i n g  and l i v e s t o c k  

s e c t o r s  t o  Canadian a g r i c u l t u r e ,  an  ex tens ion  t o  t h i s  s tudy  may examine 

changes i n  w i n t e r  f e e d i n g  o r  w i n t e r  fodder  c o n s e r v a t i o n  p r a c t i c e s  o r  a t tempt  

t o  model t h i s  s e c t o r  i n  more d e t a i l .  

I n  t h e  s e c t i o n s  t h a t  f o l l o w , t h r e e  d i f f e r e n t  a s p e c t s  a r e  repor ted .  

I n i t i a l l y ,  t h e  approach used by F i s c h e r  and Frohberg (1980 i n  t h e i r  a l l o c a -  

t i o n  model i s  b r i e f l y  d i scussed .  Secondly, w e  r e p o r t  on t h e  procedure 

adopted i n  a l l o c a t i n g  f e e d s  between f o u r  l i v e s t o c k  c l a s s e s .  L a s t l y ,  t h e  

r e s u l t s  f o r  an econometr ic  s p e c i f i c a t i o n  a r e  a l s o  noted.  The l a t t e r  

s p e c i f i c a t i o n  is used when t h e  supp ly  module is  s p e c i f i e d  u s i n g  econcinetr ic  

r e l a t i o n s h i p s .  The former approach i s  used f o r  t h e  a l l o c a t i o n  model. 

Feed A l l o c a t i o n  f o r  t h e  B a s i c  Linked Approach 

F i s c h e r  and Frohberg (1980 dev ised  r u l e s  f o r  a l l o c a t i n g  f e e d s  

between two c l a s s e s  of an imals ,  namely pork and p o u l t r y  and bovine and ov ine  

an imals  (main ly  beef and d a i r y  animal  c a t e g o r i e s )  *. Major a l l o c a t e d  feed  

i t e m s  inc luded  wheat, r i c e ,  c o a r s e  g r a i n s ,  d a i r y  p roduc ts ,  p r o t e i n  feeds  and 

*Since this t i m e  f u r t h e r  a t t e n t i o n  has been g iven to t h e  feed  a l l o c a t i o n  
procedure.  A more e l a b o r a t e  approach is c u r r e n t l y  used. Th is ,  of cou rse ,  
i s  a l s o  t r u e  f o r  o t h e r  components of t h e  model s i n c e  t h i s  is an ongoing 
r e s e a r c h  e f f o r t .  



o t h e r  food p roduc ts  ( by  p roduc ts  and waste a t  t h e  farm o r  i ndus t r y  l e v e l  

of  f oods ) .  The amount f e d  f o r  each of t h e s e  c a t e g o r i e s  over  t h e  h is to-  

r i c a l  pe r iod  was known. The problem involved determin ing how much was 

f e d  t o  each of  t h e  two l i v e s t o c k  ca tego r i es .  

E s s e n t i a l l y ,  t h e  procedure es t imated  t h e  amount of feed requ i red  

t o  produce a ton of product  f o r  pork and pou l t r y  adopt ing feed ing stand- 

a r d s  a s  s p e c i f i e d  by n u t r i t i o n i s t s .  The ba lance of a l l  una l loca ted  feeds  

was assumed t o  be f ed  t o  t h e  beef and d a i r y  ca tego r i es .  It is  i nd i ca ted  

t h a t  a ton of pork r equ i res  0.7 t ons  of wheat, 2.9  t ons  of coarse  g ra i n  

and 0.228 t ons  of p r o t e i n  feed converted to p r o t e i n  equ iva len ts .  These 

requ i rements  can be s u b s t i t u t e d  f o r  by feeds  from o t h e r  sources ,  namely 

mi lk byproducts,  wastes o r  byproducts from o t h e r  sources.  The subs t i t u -  

t i o n  r e l a t i o n s h i p s  have been d e t a i l e d  by t h e  au thors .  The b a s i c  requ i re-  

ments (wheat,  coa rse  g r a i n  and p r o t e i n  f eeds )  a r e  assumed t o  be cons tan t  

over  t ime, b u t  s i n c e  t h e  amount of  byproducts produced v a r i e s  from year  

t o  yea r ,  t h e  n e t  r e s u l t  is t h a t  t h e r e  is some v a r i a t i o n  i n  t hese  bas i c  

f eed  requirements over  t ime. 

D i f f i c u l t i e s  t h a t  emerged from t h i s  approach a r e  b r i e f l y  noted.  

F i r s t l y ,  t h e  r e s p e c i f i e d  a l l o c a t i o n  m d e l  r e q u i r e s  an a l l o c a t i o n  of feed 

between four  d i f f e r e n t  l i v e s t o c k  c l a s s e s .  Secondly, t h e  approach of 

a l l o c a t i n g  a r e s i d u a l  t o  beef and d a i r y  was seen to cause d i f f i c u l t i e s .  

Our ana lyses  i nd i ca ted  t h a t  t h i s  r e s i d u a l  was too  l a r g e  to be accep tab le  

i n  t h e  Canadian s i t u a t i o n .  It may a l s o  be t oo  l a r g e  f o r  t h e  o t h e r  

coun t r i es .  Th i rd ly ,  t h e  s u b s t i t u t i o n  r u l e s  a l lowing f o r  t h e  feed ing of 



wastes o r  byproducts may be app rop r i a te  i n  some coun t r i es  bu t  it was 

cons idered t h a t  t h e s e  sources  a r e  of minor s i g n i f i c a n c e  i n  our  case.  

An A l loca t ion  Between Four L ivestock C lasses  

The r e s u l t s  p resen ted  i n  t h i s  s e c t i o n  a r e  based on d a t a  abs t rac t -  

e d  from s e v e r a l  sources.  Product ion and feed use d a t a  a r e  based on t h e  

aggrega t ion  procedures repo r ted  by S ich ra  ( 1980) . A s  a s t a r t i n g  po in t ,  

phys io l og i ca l  feed ing  requ i rements  f o r  pork and pou l t r y  used by F ischer  

and Frohberg (1980) were adopted. The requ i rements  f o r  da i r y  and beef 

animals are c o e f f i c i e n t s  from t h e  reg iona l  l i n e a r  progamming model 

developed by Harr ington,  e t  a l .  (1977) .  I n  o rde r  t o  acheive a  s a t i s f a c -  

t o r y  ba lance between es t imated  use and supply  of feeds  t h e s e  c o e f f i c i e n t s  

were rev i sed  as d e t a i l e d .  A more comprehensive a l l o c a t i o n  procedure 

would requ i re  a  major r esea rch  e f f o r t  and resources  d i d  no t  permit t h i s .  

The i n i t i a l  set of feed ing  c o e f f i c i e n t s  used a r e  p resen ted  i n  

Table  3.17. These c o e f f i c i e n t s  f o r  pork and p o u l t r y  a r e  t h e  amount of 

f eed  requ i red  pe r  t on  of product .  Feed requ i rements  f o r  d a i r y  and beef 

a r e  based upon t h e  requ i rements  per animal u n i t  over  an e n t i r e  year .  For 

d a i r y  it was necessary  t o  a d j u s t  feed  requ i rements  f o r  changes i n  t h e  

mi lk  y i e l d  per cow over t i m e .  A cow y i e l ded  2.87 me t r i c  tons  of milk per 

year  i n  1961 - 3.89 t o n s  i n  1976. We assumed t h a t  roughage and t h e  bas i c  

d i e t  i nd i ca ted  i n  Table  3.17 would account f o r  3.42 t ons  of milk per 

yea r ,  above t h a t  l e v e l  a d d i t i o n a l  g ra i n  w i l l  be f ed  a t  a  r a t e  of 1 kg. 

o f  g ra i n  per  2.5 kg. of  milk produced. 



Table 3.17 Feed Requirement C o e f f i c i e n t s  per  t o n  of Product  o r  p e r  
Animal Uni t  

Pork Dairy 
2 4 

pou l t r y  F3eef3 Feed lo ts  
(Herd animals 
on ly  

(m.tons) (m.tons) 
( p o r k )  (pro t .eq.1  ( A . u . )  ( A . U . )  ( A . U . )  

Wheat ( m .  t o n s )  0.70 7.69 0.07 0.01 0.10 
Coarse g ra i ns  

( m .  t ons )  2.90 17.94 0.66 0.09 0.88 
P r o t e i n  feeds 

(m.tons prot .eq.1  0.23 2.69 0.03 

1. A convers ion r a t e  of 0.098 m. tons  of p r o t e i n  per  metric ton  of pork. 
2. A medium g r a i n  d i e t  f o r  Quebec d a i r y  farmers  - 10% wheat and 90% 

coa rse  g ra i ns .  
3. Winter ing requ i rements  f o r  a beef cow i n  A lber ta .  
4. 300 l b .  ga in  a t  2 .1  l b .  ga in  pe r  day r e q u i r e s  143 days of feed ing  

w i th  15 l b s .  g r a i n  be ing f e d  pe r  day. To ta l  g r a i n  i n t ake  is 0.98 m. 
t o n s  ove rs  143 days.  

Applying these  f eed  s tandards  r e s u l t e d  i n  feed  c o s t s  f o r  pork and 

p o u l t r y  t h a t  were r e l a t i v e l y  low. To ta l  f eed  c o s t s  f o r  pork averaged 35 

pe rcen t  of t o t a l  revenue over  t h e  16 yea r  per iod ,  f o r  p o u l t r y  they  averag- 

e d  46 percen t .  S ince coa rse  g ra i ns  a r e  t h e  most impor tant  feed Table  3.18 

i s  presen ted  t o  i n d i c a t e  t h i s  a l l o c a t i o n  of coarse  ga ins  between animal 

c l a s s e s .  The r e s i d u a l  of una l loca ted  feed is high,  averag ing 34 pe rcen t .  

Th is  approach of a l l o c a t i n g  feed  to pork and p o u l t r y  a lone  would i n  1976 

on l y  a l l o c a t e  2,000 t ons  o u t  of an observed t o t a l  of 13,687 t o n s  t h a t  was 

fed .  Feed c o s t s  a l l o c a t e d  to d a i r y  averaged 16 pe rcen t  of t o t a l  revenue, 

f o r  t h e  beef ca tegory  they averaged 24 pe rcen t .  The l a t t e r  may appear 

h igh,  bu t  it r e p r e s e n t s  an aggrega te  f o r  both t h e  herd and f e e d l o t  

an imals .  



T a b l e  3.18 An A l l o c a t i o n  of Coarse  G r a i n s  between Animal C l a s s e s  

T o t a l  T o t a l  
Pork P o u l t r y  D a i r y  Beef A l l o c a t e d  Fed Res idua l  R e s i d u a l  

(000 '  m t o n s )  % 

Given t h e  f a i r l y  l a r g e  u n a l l o c a t e d  r e s i d u a l ,  t h e  o p t i o n  chosen 

w a s  t o  r e v i s e  t h e s e  c o e f f i c i e n t s .  S i n c e  mst budget  d a t a  i n d i c a t e  t h a t  

f e e d i n g  costs f o r  po rk  and p o u l t r y  shou ld  be h i g h e r ,  t h e s e  c o e f f i c i e n t s  

w e r e  i n c r e a s e d  by 20 p e r  c e n t .  A f t e r  t h i s  a d j u s t m e n t  t h e  r e s i d u a l  of  

u n a l l o c a t e d  f e e d  f o r  wheat w a s  4 p e r c e n t ,  f o r  c o a r s e  g r a i n s  it averaged 29 

p e r c e n t .  S ince  t h i s  r e s i d u a l  w a s  st i l l  f a i r l y  l a r g e  a f u r t h e r  ad jus tmen t  

t o  a l l  c o e f f i c i e n t s  f o r  a l l  l i v e s t o c k  classes w a s  made - a 25 p e r c e n t  

i n c r e a s e  i n  t h e  r e q u i r e m e n t s  w a s  dec ided  upon. The c o e f f i c i e n t s  f o r  t h e  

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

Tab le  3.19. 



T a b l e  3.19 Ad jus ted  Feed Requirement  C o e f f i c i e n t s  per Ton o f  
P r o d u c t  o r  per Animal U n i t  

Pork  P o u l t r y  D a i r y  Beef F e e d l o t  
( Herd a n i m a l s  
o n l y )  

( m . t o n s )  (m . tons )  
( p o r k )  ( p r o t . e q . 1  ( A . U .  ) ( A . U . )  ( A . U . )  

Wheat (m. tons)  0.84 9.23 0.07 0 .01  0.10 
Coarse  g r a i n s  

( m .  t o n s )  4.35 26.91 0.83 0.12 1.10 
P r o t e i n  f e e d s  

( m .  t o n s  p r o t .  
eq. 0.29 3.49 0.03 

R e s u l t s  a f t e r  t h e s e  a d j u s t m e n t s  p l a c e d  t o t a l  f e e d  c o s t s  f o r  pork a t  50 

p e r c e n t  o f  t o t a l  r evenue ,  w i t h  a range  from 36 p e r c e n t  f o r  1969 t o  6 9  

p e r c e n t  f o r  1974. For  p o u l t r y ,  t h e  ave rage  w a s  60 p e r c e n t ,  e x c l u d i n g  

1973 a n d  1974 when h i g h  f e e d  c o s t s  r e s u l t e d  i n  c o s t s  o f  9 8  p e r c e n t  and 81 

p e r c e n t  r e s p e c t i v e l y .  Da i r y  f e e d  c o s t s  r e p r e s e n t e d  18.5 p e r c e n t  o f  t o t a l  

r evenue  and f o r  beef  it w a s  29 p e r c e n t .  T a b l e  3.20 is p r e p a r e d  to 

i n d i c a t e  t h e  a l l o c a t i o n  between l i v e s t o c k  classes a f t e r  t h e s e  r e v i s e d  

c o e f f i c i e n t s  are used.  The r e s i d u a l  ave rages  7.4 p e r c e n t  (1969 t o  1971 

e x c l u d e d ) .  Dur ing  t h e s e  y e a r s  p r o d u c e r s  were f e e d i n g  a t  a h i g h e r  rate 

because  o f  poor  market  c o n d i t i o n s  ( t h e  LIFT program y e a r s ) .  

The c o e f f i c i e n t s  p r e s e n t e d  i n  T a b l e  3.19 are used  i n  o u r  ana ly -  

sis, even though f u r t h e r  a d j u s t m e n t s  may be a p p r o p r i a t e .  Given t h e  f a i r -  

l y  a r b i t r a r y  a d j u s t m e n t  r u l e s  d e t a i l e d  above a more accurate a l l o c a t i o n  

p r o c e d u r e  would be  d e s i r a b l e .  The p r o c e d u r e  adop ted  by Cand le r  et  a l .  

(1974 )  i n  t h e i r  c o n f r o n t a t i o n  model work may be a p p r o p r i a t e .  I t  would, 

o f  c o u r s e ,  b e  n e c e s s a r y  t o  a g g r e g a t e  an ima l  c a t e g o r i e s  t o  a l e v e l  



Table 3.20 An A l l oca t i on  of Coarse Gra ins  between Animal C lasses  
Based on Revised C o e f f i c i e n t s  

Pork Pou l t r y  Dairy Beef A l loca ted  Observed Res idua l  Residual  

(000 '  m. t o n s )  % 

c o n s i s t e n t  w i th  in fo rmat ion  prov ided by t h e  a l l o c a t i o n  model and t h i s  

requ i rement  would restrict t h i s  approach. 

Derived Feed Demands 

An a l t e r n a t i v e  method t o  es t ima t i ng  t o t a l  feed  use  t r e a t s  feed  

a s  be ing  a  der i ved  i n p u t  demand. The aggrega te  q u a n t i t y  demanded is 

descr ibed  a s  a  f unc t i on  of t h e  p r i c e  of t h e  feed  i t s e l f ,  t h e  p r i c e  of a  

s u b s t i t u t e  feed  i n p u t  and t h e  p r i c e  of t h e  product .  P r i c e s  i n  t h i s  

s p e c i f i c a t i o n  a r e  c u r r e n t  and feed  demands a r e  aggregated wi th  o t h e r  

demands (consumption and s t o c k )  i n  o rder  t o  s imul taneous ly  determine 

market  p r i c e .  However, t h e  c u r r e n t  l i nkage  ve rs i on  (Keyzer,  1980) 

r e q u i r e s  t h a t  demand be composed of two components - a  committed demand 

component and a  budget s h a r e  component, t h e  l a t t e r  e s s e n t i a l l y  being a  



T a b l e  3.21 E s t i m a t e d  D e r i v e d  Feed Demand E q u a t i o n s  

1. Wheat: 

FDWH = 1283.56 - 8.783 FPWHL + 0.389 FPLiL + 866.12 DLFTS 
(140.86) (1.996) (0.071) (146.20) 

R2 = 0.88 D.W. = 1.82 

2. C o a r s e  G r a i n s  

FDCG = -2583.82 - 26.50 FPCgL + 4.50 FPBFL + 3.56 TLiV + 2247.36 DLFTG 
(4815.63) (19.16) (2.56) ( 1.71) (946.33) 

3. P r o t e i n  Feeds 

FDPF = 523.74 - 0.107 FPPFL + 0.052 FPLiL + 0.205 TLiV 
(130.48) (0.110) (0.015) (0.042) 

R2 = 0.94 D.W. = 1.33 

4. O t h e r  Foods 

FDOF = -249.75 + 0.101 TLiV 
(0.018) 

R~ = 0.70 D.W. 0.72 

5. D a i r y  P r o d u c t s  

FDDA = -565.60 + 0.65 INDC 
(111.24) (0.04) 

R2 = 0.94 D.W. 0.88 

6. FPLI = FPPK + 0.10 FPPE + 10 FPDA + 1 FPBF 

7. TLIV = QPPK + QPPE/0.085 + 0.3 INDC + 1.25 QPBF 



func t ion  of income. In  f u t u r e  it may be poss ib le  t o  dev ise a procedure 

t h a t  w i l l  allow l i ves tock  feed demand t o  be expressed as a funct ion of 

t h e  appropr ia te  cu r ren t  p r i c e  va r i ab les .  

An a l t e r n a t i v e  approach assumes t h a t  producers do not reac t  

immediately t o  p r i c e  changes because of t h e  l i ves tock  cyc le .  Assuming 

t h i s  lagged response it is poss ib le  t o  spec i f y  der ived feed demand equa- 

t i o n s  t h a t  a r e  cons i s ten t  wi th requirements of t h e  l inkage system. These 

feed demand equat ions a r e  presented i n  Table 3.21. The mnemonic code 

thereof  is noted i n  t h e  Appendix. Resu l ts  f o r  t hese  demand equat ions a r e  

genera l l y  s a t i s f a c t o r y .  I t  is noted t h a t  because of t h e  aggregate na tu re  

of t h e  l i ves tock  s e c t o r  two proxy va r i ab les  represent ing  a genera l  index 

of l i ves tock  product p r i c e s  (FPLIL) and another  represent ing  t h e  gross 

ou tpu t  (TLIV) of t h e  sec to r  were devised. In  t he  demand fo r  feed wheat 

equat ion,  t he  va r i ab le  FPLIL is  used. It is h igh ly  s i g n i f i c a n t  ind icat -  

i n g  t h a t  a s  l i ves tock  product p r i c e s  r i s e ,  t h e r e  is an increased demand 

f o r  feed wheat. The own p r i c e  va r i ab le  f o r  p r o t e i n  feeds is not s i g n i f i -  

c a n t ,  perhaps i n d i c a t i n g  t h a t  producers cannot e a s i l y  a d j u s t  t h e i r  

p r o t e i n  feeding requirements t o  p r i c e  changes. On t h e  o the r  hand, a s  t h e  

number of animals fed  i nc reases  t o t a l  p r o t e i n  demand inc reases  and t h i s  

demand i s  a l s o  re in fo rced  by l i ves tock  p r i c e s  i n  t h e  p a s t  per iod .  

The approaches d e t a i l e d  a r e  both used depending on t h e  supply 

module se lec ted .  Where t h e  a l l o c a t i o n  module is used an a l l o c a t i o n  of 

feed  use between d i f f e r e n t  l i ves tock  c l asses  and feed c o s t s  is requi red.  

Over t h e  fo recas t  per iod ,  t h e  a l l o c a t i o n  model opt imizes l i ves tock  output  

o r  herd s i z e s  and consequent ly feed use i s  endogeneously determined. A 



t r a d e  res idua l  is a l s o  determined. When the econometric supply module is 

used l i ves tock  ou tpu ts  and herd s i z e s  a r e  f i r s t l y  determined, and feed 

requirements a re  then ca l cu la ted .  In  t h i s  supply s p e c i f i c a t i o n  an a l l o -  

c a t i o n  of feeds between d i f f e r e n t  l i ves tock  c l a s s e s  is not requi red.  

3.2.2. Product ion Funct ion Parameter Est imat ion Resu l ts  

Having d e t a i l e d  t h e  manner i n  which t h e  ob jec t i ve  func t ion  co- 

e f f i c i e n t s  and resource c o n s t r a i n t s  f o r  t he  rev ised Canadian a l l o c a t i o n  

model a r e  determined w e  now cons ider  t he  product ion funct ions.  Since it 

i s  necessary t o  al low f o r  a 10 t o  15 year  horizon and because it is un- 

l i k e l y  t h a t  input /output  r a t i o s  w i l l  remain cons tan t  over t h a t  per iod,  

t echn i ca l  change over t i m e  must be allowed f o r .  

In  doing so  the  r e l a t i o n s h i p  between t h e  dec is ion  va r i ab le  ( A i )  

and f a c t o r  input  l e v e l s  p rev ious ly  spec i f i ed  a r e  rewr i t t en  with t i m e  

varying parameters: 

A~ = aitlci 'it,. 1 Y i t  

where 

and 



The parameters ~3~ , ~4~ . .pgi a r e  cons tan ts ;  t hese  a r e  est imated 

simultaneously using a nonl inear  es t imat ion  package developed by F ischer .  

De ta i l s  of t he  es t imat ion  procedure a r e  repor ted by F ischer  and Frohberg 

(1980) .  It i s  convenient t o  repo r t  t he  va lues of these  cons tan ts  r a t h e r  

than  the  more d i r e c t  va lues of t h e  c o e f f i c i e n t s  of t he  product ion re la-  

t i o n s h i p  s i nce  the  l a t t e r  a r e  time-dependent. Depending on t h e  value of 

t d i f f e r i n g  r a t e s  of change over t h e  per iod may be considered. 

The c o e f f i c i e n t s  of t he  product ion r e l a t i o n s h i p s  est imated f o r  

t h e  11 commodities a r e  presented i n  Table 3.22. The m o s t  worrying aspec t  

of these  r e s u l t s  is t h a t  t h e  pgi parameter is e i t h e r  a t  t h e  upper o r  

t h e  lower bound f o r  a l l  but  two commodities. Various explanat ions may be 

advanced, inc lud ing  t h a t  a  t r u e  o r  "expected" n e t  revenue per  u n i t  f o r  

each of t he  a c t i v i t i e s  has not  been def ined.  Th is  aspec t  is  being con- 

s idered . 
Another procedure t h a t  may improve these  r e s u l t s  is to p lace  a 

l a r g e r  emphasis upon observed c a p i t a l  and labor  a l l o c a t i o n s  t o  each of 

t h e  commodities. These a l l o c a t i o n s  of sca rce  resources should a l s o  con- 

s i d e r  t he  years  when resources may be l e f t  i d l e ,  f o r  example dur ing t h e  

LIFT program years.  

Another exp lanat ion f o r  these  r e s u l t s  may involve t he  methodology 

chosen. Depending on var ious  assumptions made dur ing the  est imat ion 

procedure,  o r  on the  s p e c i f i c  of t h e  a l l o c a t i o n  model chosen, var ious  

es t imates  of t h i s  parameter set have been obtained. The set i nd ica ted  i n  

Table 3.22 should be t e s t e d  over t h e  f o r e c a s t  per iod  and i ts p l a u s i b i l i t y  

noted. However, t h e  i n t e r a c t i v e  methdology used is f a i r l y  t ime i n tens i ve  

- ( r e a l  computer l i n e ) .  The r e s u l t s  i n  Table 3.22 took seve ra l  m n t h s  t o  



o b t a i n .  Over 100 h o u r s  of c e n t r a l  p r o c e s s o r  u n i t  t i m e  were r e q u i r e d  bu t  

g i v e n  t h e  r e a l  t i m e  i n v o l v e d ,  one is f a i r l y  h e s i t a n t  to t r y  a  r e s p e c i f i -  

c a t i o n  of t h e  model. However, g i ven  t h e  f a i r l y  u n s a t i s f a c t o r y  v a l u e s  f o r  

some of t h e  c o e f f i c i e n t s  t h e  work is s t i l l  ongo ing .  The set p r e s e n t e d  

h e r e  s h o u l d  be v iewed as p r o v i s i o n a l .  

T a b l e  3 . 2 2  C o e f f i c i e n t s  of t h e  P r o d u c t i o n  R e l a t i o n s h i p  

Commodity p 3  p5 p6 p7 p8 p9 

Wheat 0.06 
G r a i n s  0.04 
O i l s e e d s  0.01 
V e g e t a b l e s  0.03 
F r u i t  0.02 
1nd.Crops 0 .01  
Roughage 0.03 
Pork  0.01 
P o u l t r y  0.05 
D a i r y  0.02 
Beef 0.05 

I n  a d d i t i o n  t o  p r o d u c t i o n  f u n c t i o n  c o e f f i c i e n t s  f o r  each of t h e  

c r o p s ,  a n  e s t i m a t e d  y i e l d  r e l a t i o n s h i p  p e r  h e c t a r e  w a s  d e r i v e d  s imu l tan-  

e o u s l y  w i t h  t h e  estimates o f  t h e  c o e f f i c i e n t s  o f  t h e  p r o d u c t i o n  func- 

t i o n s .  G e n e r a l l y ,  e s t i m a t e d  y i e l d  i s  a f u n c t i o n  o f  ra in fa l l ,  t h e  a c r e a g e  

p l a n t e d  t o  c r o p  i and a t i m e  t r e n d .  More s p e c i f i c a l l y ,  t h e  e q u a t i o n  is 

p r e s e n t e d  as: 

- yi - ai + bliRi + b2iSi + bgiTi 

where 

yi = y i e l d  p e r  h e c t a r e  ( m . t ) ,  c r o p  i, 

Ri = a r a i n f a l l  i n d e x  - c r o p - s p e c i f i c  and exogeneous,  



S i = the share of crop i - as  t h i s  share is  increased and 
more marginal land i s  used, y ie ld per hectare is  expected 
t o  f a l l ,  

T~ = a time trend attempting to  capture technology changes for 
crop i. 

The resu l t s  for these y ie ld  functions are presented in  Table 3 . 2 3 .  

Table 3 . 2 3  Estimated Yield Coeff ic ients for  Crops 

Commodity Constant Ti S i 

Wheat 
Coarse grains 
Oilseeds 
Vegetables 
Fru i ts  
Indust r ia l  crops 

The basic reason for attempting t o  estimate y ie ld  responses 

simultaneously and postulat ing a negative sign for  the share variable is 

based upon experience gained through work on the European Community 

models. Incorporation of t h i s  share re lat ionship has allowed the returns 

t o  scale parameter t o  tend c loser t o  1. Since t h i s  scale parameter 

generally tended t o  be l e s s  than 0.5 when no bounds on t h i s  parameter 

were s e t  and when no y ie ld function was estimated, we drew upon t h e i r  

experience i n  attempting t o  improve t h i s  aspect. A t  t h i s  stage cer ta in  

coef f ic ients  fo r  both y ie ld  and production re lat ionships remain 

unsatisfactory. 



3.2.3 Some A l l oca t i on  Model Results 

The s o l u t i o n  of t h e  non- l inear  a l l o c a t i o n  model f o r  each per iod  

determines a g r i c u l t u r a l  ou tpu t  f o r  each of t h e  s e c t o r s  ove r  t h e  h i s t o r -  

i c a l  and f o r e c a s t  pe r i ods .  In  t h i s  s e c t i o n  some r e s u l t s  a r e  p resen ted  so 

t h a t  t h e  reader  may e v a l u a t e  t h e  procedures used. 

One should  no te  t h a t  an op t im iz ing  framework has been adopted and 

t h a t  a c t i v i t y  l e v e l s  a r e  unconst ra ined.  The r e s u l t s  ob ta i ned  must be 

cons ide red  v i s  a v i s  t hose  of an a l t e r n a t i v e  approach. I t  is noted t h a t  

many aggrega te  l i n e a r  programming models a r e  o f t e n  cons t ra i ned  by us ing  

bounds, a c t i v i t y  r a t i o s  o r  f l e x i b i l i t y  c o n s t r a i n t s .  I t  has  a l s o  been t h e  

exper ience  o f  t h e  au tho rs  and o t h e r s  (Johnson, 1981) t h a t  c a l l i b r a t i o n  

methods a r e  o f t e n  r equ i r ed  f o r  econometr ic  models so  t h a t  f o r e c a s t s  can 

b e  reasonably  accu ra te .  Our genera l  exper ience ,  w i t h  t h e  model a s  spec- 

i f i e d  was t h a t  f o r e c a s t s  were s u r p r i s i n g l y  accu ra te .  T e s t s  over  t h e  

f o r e c a s t  pe r i od  a r e  con t inu ing .  

I n  t h i s  s e c t i o n  we i n d i c a t e  r e s u l t s  ob ta ined  f o r  t h e  es t ima t i on  

per iod .  Given t h a t  t h e  a c t u a l  l e v e l  of t h e  va r i ous  a c t i v i t i e s  is known 

t h e s e  l e v e l s  may be compared to  optimum s o l u t i o n s  obta ined.  The a l loca -  

t i o n  model is so lved  f o r  each of t h e  16 t ime pe r i ods  and i n  each pe r i od  

t h e  optimum l e v e l  f o r  t h e  11 v a r i a b l e s  is determined.  I t  is d i f f i c u l t  to 

r e p o r t  on ex p o s t  es t i l na t ion  pe r i od  r e s u l t s  because of t h e  procedures 

used i n  a t tempt ing  to l i n k  t h e  supp ly ,  demand and macro components of 

t h i s  work. A s  noted e a r l i e r  t h e  a g r i c u l t u r a l  supp ly  module is merely one 

component and v a l i d a t i o n  tests t h a t  a r e  c u r r e n t l y  proceeding invo lve  a l l  

components. That  is, we a r e  d e a l i n g  w i th  a gene ra l  equ i l i b r ium model and 

i t is only  through ex tens i ve  t e s t i n g  t h a t  i n c o n s i s t e n c i e s  a r e  p inpo in ted  



i n c l u d i n g  t h o s e  of t h e  supp ly  module. An a l t e r n a t i v e  approach i n v o l v e s  

s o l v i n g  t h e  o p t i m i z a t i o n  model a l o n e  o v e r  t h e  f o r e c a s t  p e r i o d .  However, 

t h e r e  is  no th ing  t o  be l e a r n e d  from t h i s  e x e r c i s e  because f o r  a  g i ven  set  

o f  model c o e f f i c i e n t s  an optimum s o l u t i o n  is always found and r e s u l t s  

ove r  t h e  f o r e c a s t  p e r i o d  w i l l  be s i m i l a r  to r e s u l t s  ove r  t h e  h i s t o r i c a l  

p e r i o d .  I n  o t h e r  words t h e  c o e f f i c i e n t s  of t h e  p roduc t ion  f u n c t i o n ,  

a l t h o u g h  t i m e  va ry ing ,  a r e  r e l a t i v e l y  c o n s t a n t  and t h e r e f o r e  t h e  s o l u t i o n  

o b t a i n e d  depends upon t h e  r e l a t i v e  p r o f i t a b i l i t y  of t h e  a l t e r n a t i v e s  and 

upon t h e  l e v e l  of r e s o u r c e s .  The s o l u t i o n  to t h e  problem can  o n l y  change 

i f  t h e  c o n s t a n t s  of t h e  model change, namely, t h e  o b j e c t i v e  f u n c t i o n  

c o e f f i c i e n t s ,  t h e  r e s o u r c e  c a p a c i t i e s  o r  t h e  c o e f f i c i e n t s  of t h e  produc- 

t i o n  r e l a t i o n s h i p s .  S i n c e  r e s o u r c e  c a p a c i t i e s  and t h e  p r o d u c t i o n  func- 

t i o n  c o e f f i c i e n t s  v a r y  o n l y  s l i g h t l y  o v e r  t h e  p l a n n i n g  h o r i z o n ,  it is t h e  

r e l a t i v e  p r o f i t a b i l i t y  o f  t h e  a l t e r n a t i v e s  t h a t  de te rm ines  t h e i r  o u t p u t  

l e v e l .  However, a c c u r a t e  s p e c i f i c a t i o n  o f  t h e  c o e f f i c i e n t s  of t h e  cri- 

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

o f  t h e  p r o d u c t i o n  r e l a t i o n s h i p s  is e s s e n t i a l  i f  f o r e c a s t s  of o u t p u t  from 

t h e  a g r i c u l t u r a l  s e c t o r  a r e  t o  be r e l i a b l e  and hence t h e  a t t e n t i o n  g i ven  

t o  t h e s e  a s p e c t s  i n  t h i s  work. 

To i l l u s t r a t e  one set of r e s u l t s ,  Tab le  3.24 i s  p r e s e n t e d .  The 

optimum l e v e l  f o r  wheat ac reage  is compared to a c t u a l  ac reage .  The res- 

i d u a l  ave rages  11.4% o v e r  t h e  15 y e a r  p e r i o d .  Given t h e  f a i r l y  d ramat ic  

a c r e a g e  changes t h a t  t ook  p l a c e  d u r i n g  t h i s  p e r i o d  t h i s  r e s i d u a l  is 

g e n e r a l l y  f a i r l y  sma l l .  A s  no ted  from Tab le  3.24, t h e r e  is a  d ramat i c  

d rop  i n  p l a n t e d  a r e a  from 1 0 . 1  m i l l i o n  h e c t a r s  i n  1969 t o  5.0 m i l l i o n  

h e c t a r s  d u r i n g  t h e  LIFT program y e a r  o f  1970. A f t e r  1970, p l a n t e d  a r e a  



increased slowly reaching i ts  Former l eve l  i n  1976. These changes have 

been captured i n  t h e  r e s u l t s  ind ica ted .  I t  should a l s o  be noted t h a t  

r e l a t i v e  p r i c e s  a r e  important and, t he re fo re ,  a s  ind ica ted  by Table 3.24, 

one cannot p r e d i c t  an acreage increase s o l e l y  on t h e  b a s i s  of a  p r i c e  

inc rease  f o r  the  commodity i n  quest ion.  It is  a l s o  sometimes d i f f i c u l t  

t o  assess  whether e r r o r s  i n  p red ic ted  output  a r e  due to e r r o r s  i n  r e l a t -  

i v e  p r i ces  o r  due to the  c o e f f i c i e n t s  of t h e  product ion re la t i onsh ips .  

The r e s i d u a l  over t h e  same per iod f o r  coarse g ra ins  is 13.8%, 

f o r  pork it is 17.4%, f o r  pou l t r y  3.8%, 7.3% f o r  da i r y  and 5.6% f o r  beef. 

The r e s i d u a l s  f o r  o i l s e e d s ,  ~ e . ~ e t a b l e s ,  f r u i t s  and i n d u s t r i a l  c rops a r e  

l e s s  s a t i s f a c t o r y .  In  t h e  es t imat ion  of t h e  product ion func t ion  para- 

meters, weights used a r e  based upon t h e  r e l a t i v e  con t r i bu t i on  of each 

commodity t o  gross a g r i c u l t u r a l  output.  Th is  being t h e  case,  g r e a t e r  

emphasis is given t o  de r i v i ng  c o e f f i c i e n t s  f o r  t h e  product ion re la t ion-  

s h i p s  t h a t  w i l l  a l low t h e  r e s i d u a l s  f o r  important commodities t o  be as  

smal l  a s  poss ib le .  

Table 3.25 i n d i c a t e s  r e s u l t s  obtained f o r  beef cow numbers. I n  

t h i s  ins tance herd s i z e  is est imated and t o t a l  s l augh te r  o r  beef marketed 

is  t r e a t e d  a s  a Function of herd s i z e .  The res idua l  averages 5.6%. A 

complete l i s t i n g  of a l l  r e s u l t s  f o r  the a l l o c a t i o n  m d e l  is presented i n  

t h e  Appendix. 

Table 3.26 i n d i c a t e s  t h e  res idua l  f o r  t h e  d i f f e r e n t  commodity 

groups fo r  1976. For t h i s  p a r t i c u l a r  year  t h e  r e s i d u a l s  a r e  genera l l y  

h igher  than t h a t  of t h e  average over  a l l  years.  



T a b l e  3.24 Observed  and E s t i m a t e d  A r e a  of Wheat 

P r i c e  Observed  A r e a  E s t i m a t e d  A r e a  R e s i d u a l  
($/m. t o n )  (000  h a )  (000  h a )  % 

- 

T a b l e  3.25 Observed a n d  E s t i m a t e d  C l o s i n g  Beef Herd S i z e  (1962-1976) 

Observed  E s t i m a t e d  
P r i c e  Herd  S i z e  Herd S i z e  R e s i d u a l  

($/me t o n )  ( 0 0 0 ' s )  ( 0 0 0 ' s )  ( %  



Table 3.26 Observed and Est imated Output Levels f o r  11 
Commodities ( 1976 

Observed E s  t ima t  ed Residual 
Output Output ( % I  

Wheat (000 hec ta res )  11,252 
Coarse g ra ins  I' 8,934 
Oi lseeds 11 1,252 

Vegetables #I 262 
F r u i t  II 74 
I n d u s t r i a l  

Crops *I 38 
Roughage II 5,665 

Pork ( m .  t ons )  531 
Pou l t ry  ( m t .  pro te in  eg . )  105 
Dairy (cow numbers) 1,976 
Beef (herd  s i z e )  8,405 

I t  was noted e a r l i e r  t h a t  t h e  procedure involved i n  es t imat ing  

t h e  parameters f o r  t he  product ion r e l a t i o n s h i p s  requi red over 100 hours 

of  c e n t r a l  processor t i m e .  One is t he re fo re  r e l u c t a n t  to t r y  a l t e r n a t i v e  

f unc t i ona l  forms f o r  t h e  product ion r e l a t i o n s h i p s  o r  respec i fy  t h e  model. 

Respec i f i ca t ion  of t he  a l l o c a t i o n  m d e  1 invo lves de r i va t i on  of new f i r s t  

o rder  condi t ions f o r  an optimum and these cond i t ions  must then be reform- 

u l a t e d  i n t o  t h e  op t im iz ing  code. The a lgor i thm used throughout t h i s  

s tudy was s p e c i f i c a l l y  w r i t t e n  f o r  t he  a l l o c a t i o n  model a s  spec i f i ed .  

Th is  procedure has an advantage i n  t h a t  an optimum s o l u t i o n  t o  a problem 

of t h e  given s t r u c t u r e  may be obta ined,  genera l l y ,  more qu ick ly  than t h a t  

f o r  a more genera l  nonl inear  programming algor i thm. However, t h e  disad- 

vantage of t h i s  approach i s  t h a t  t he  a lgor i thm needs t o  be rewr i t t en  a s  



t h e  s t r u c t u r e  of t h e  problem is  changed and then t e s t i n g  i s  required to 

e l im ina te  var ious a l l o c a t i o n  e r r o r s .  

Aside from the  a lgor i thm t h e  procedure involved i n  t h e  est imat ion 

of t he  parameters of t h e  product ion re la t i onsh ip  invo lves i t e r a t i o n  

between the  opt imiz ing a l l o c a t i o n  model and t h e  parameter est imat ion 

subrout ine.  Compat ib i l i ty  between t h e  d i f f e r e n t  sof tware packages is 

e s s e n t i a l .  The process of ensur ing t h i s  compatabi l i ty  is  slow. 

The r e s u l t s  presented i n  t h i s  sec t i on  and the  exper iences gained 

whi le  developing t h i s  work suggest var ious improvements t h a t  can be made. 

I n  p a r t i c u l a r  it was noted e a r l i e r  t h a t  the  pgi parameter o f t en  tended 

towards the  bounds. This problem has ye t  to be resolved. In doing so it 

i s  expected t h a t  one c r i t e r i o n  w i l l  involve der iv ing  re tu rns  to input  

f a c t o r s  t h a t  f a l l  c l o s e r  t o  l e v e l s  t h a t  a r e  observed i n  p rac t i ce .  Sec- 

ondly,  f u r t h e r  a t tempts t o  reduce t h e  dev ia t ion  between observed and 

est imated output  l e v e l s  w i l l  be made. The work should be viewed as  an 

at tempt  t o  eva lua te  an e n t i r e l y  new methodology. A s  such t h e r e  a r e  r i s k s  

and rewards involved. 



4. AN ECONOMETRIC SUPPLY SPECIFICATION 

The bas ic  l inked system has been developed using the  a l l o c a t i o n  

procedure descr ibed i n  t h e  prev ious sec t i on  t o  model a g r i c u l t u r a l  supply 

responses. The work undertaken and descr ibed i n  t h a t  sec t i on  al lows a 

respec i f i ed  Canadian model t o  cont inue t o  be used a s  p a r t  of t h e  system. 

I n  add i t ion  t o  t h e  a l l o c a t i o n  model approach an econometric m d e l  of t h e  

a g r i c u l t u r a l  supply s e c t o r  has a l s o  been developed. This sec t i on  d e t a i l s  

t h i s  work. 

I n  developing t h i s  econometric model w e  have been able to draw 

upon many s t u d i e s  of a s im i l a r  nature (Huff ,  1980 . In  p a r t i c u l a r ,  t h e  

FARM (Food and Ag r i cu l t u ra l  Regional Model) m d e l  has provided a use fu l  

background. This model may be descr ibed as  a q u a r t e r l y  f o recas t i ng  model 

cover ing t h e  e n t i r e  a g r i c u l t u r a l  sec to r .  A t  t h e  farm l e v e l ,  s t r u c t u r a l  

supply response models of t h e  beef ,  da i r y ,  hog, pou l t ry  (eggs,  b r o i l e r  

chickens and turkey)  and t h e  crop s e c t o r  (wheat, o a t s ,  bar ley ,  corn,  

rapeseed, f laxseed and soybeans) have been spec i f i ed .  The model expl ic-  

i t l y  determines market equi l ibr ium p r i c e s  and q u a n t i t i e s  f o r  17 of  t h e  

major g ra in  and l i ves tock  commodities. Both t h e  product ion and marketing 

systems a r e  descr ibed with v e r t i c a l ,  s p a t i a l  and temporal product flows 

being de ta i l ed .  F u l l  d e t a i l s  of t h i s  m d e l  a r e  provided i n  t h e  FAR4 

r e p o r t  (FARM, 1980) and in  t he  many working papers covering t h i s  e f f o r t  

(Meilke and Young, 1979; Kulshreshtha, 1979, Low and P e t r i e ,  1979; 

Coleman, 1979; e t c . )  S ince the pub l i ca t ion  of these  repo r t s  development 

of  t he  FARM model has cont inued and ref inements have been made. 



The rnodel developed i n  t h i s  sec t i on  corresponds t o  t h e  same com- 

modity l i s t  as  s p e c i f i e d  f o r  t h e  a l l o c a t i o n  model. Various problems have 

a r i s e n  and these  a r e  noted. A l ack  of s a t i s f a c t o r y  s imulat ion sof tware 

packages a t  IIASA prevented extens ive t e s t i n g  of these  r e s u l t s .  

I t  should a l s o  be noted the  es t imat ion  per iod covers the  years 

1961 to 1976. The l a t t e r  years a re  unusual i n  t h a t  t h e  a g r i c u l t u r a l  

s e c t o r  was st i l l  ad jus t i ng  to t he  r a t h e r  severe p r i c e  shocks of 1971/72. 

This f a c t  alone suggests  t h a t  rees t imat ion  of t he  parameters of t h e  

var ious  equat ions over a l a r g e r  per iod is  necessary.  To do so requ i res  

more recent  da ta ,  bu t  FA0 has not updated t h e  o r i g i n a l  s e r i e s  used by 

FAP. W e  repo r t  our c u r r e n t  r e s u l t s  bu t  s t r e s s  t h a t  t hese  do not repre- 

s e n t  a f i n a l  set. 

Essen t i a l l y ,  t h i s  work invo lves an at tempt  to es t imate  t o t a l  

a g r i c u l t u r a l  output  by commodity f o r  each of t h e  major sec to rs .  The 

major g ra in  and o i l s e e d  crops have been aggregated i n t o  t h r e e  ca tego r i es  

(wheat, coarse g r a i n s  and o i l s e e d s ) .  A second group c o n s i s t s  of vege- 

t a b l e s  and f r u i t s ,  o the r  food crops and non-food o r  i n d u s t r i a l  crops. 

Th is  l a t t e r  group is important i n  terms of t he  gross value of t h e i r  

output  but t h e i r  a rea  and product ion tends  to fo l low a s t rong  time t rend  

r e f l e c t i n g  t he  genera l  economic o r  i n s t i t u t i o n a l  condi t ions of these 

sec to rs .  S h i f t s  i n  t he  a rea  p lanted to wheat, coarse g ra ins  and o i l seeds  

and the  a rea  summerfallowed a r e  extremely important to Canadian agr i -  

c u l t u r e .  An accura te  f o recas t i ng  of these s h i f t s  is high ly  des i rab le .  

Some of t h e  pas t  e f f o r t s  a t tempt ing to p r e d i c t  these  changes have been 

success fu l ,  o t h e r s  l e s s  so. 



For l i ves tock  supply,  four major commodities a r e  considered -- 
beef ,  da i r y ,  pork and pou l t ry .  In  the FARM modell ing approach each of 

t hese  s e c t o r s  have been spec i f i ed  i n  d e t a i l .  Our approach is l e s s  

de ta i l ed .  The r e s u l t s  i nd i ca te  t h a t  it is des i rab le  to inc lude some of 

t h e  i n s t i t u t i o n a l  c o n s t r a i n t s  a f f e c t i n g  t he  da i r y  and pou l t ry  sec to rs  

which have been neglected i n  t h i s  study. 

I n  generat ing a 15 year  f o recas t ,  it is important t o  note t h a t  

var ious  exogeneous v a r i a b l e s ,  ava i l ab le  from o the r  sources f o r  t h e  next 

few quar te rs  o r  next few years,  a r e  not a v a i l a b l e  over a longer term 

hor izon. I n  a genera l  equi l ibr ium model of the nature developed it is  

necessary t o  l i m i t  t h e  number of exogeneous va r i ab les .  In t he  rnodel, a l l  

p r i c e  responses a r e  homogeneous of degree zero,  which is a requirement 

f o r  l inkage with o ther  country models. Th is  requirement has a l s o  placed 

a l i m i t  on the number of s a t i s f a c t o r y  p r i c e  o r  po l i cy  va r i ab les  t h a t  may 

be considered. It does, however, have cons iderable appeal when a long 

term f o r e c a s t  hor izon is being considered and r e a l  p r i ces  a r e  appropri- 

a t e .  

I n  spec i fy ing  t h e  conceptual  r e l a t i o n s h i p s  involved a Ner lovian 

type supply response i s  hypothesized. Where s u b s t i t u t i o n  between ou tpu ts  

i s  f e a s i b l e ,  a p r i c e  r i s e  of an a l t e r n a t i v e  commodity i s  expected to 

impact negat ive ly ,  and where no s u b s t i t u t i o n  between ccxn~nsdities is 

considered f e a s i b l e  t h e  commodity's own p r i c e  a lone is considered. A 

p r i c e  r i s e  i n  major i npu ts  is spec i f ied  a s  having a negat ive impact on 

output .  Between wheat, coarse  g ra ins  and o i l seeds ,  s u b s t i t u t i o n  between 

ou tpu ts  is considered f e a s i b l e .  A t  t he  l e v e l  of aggregat ion considered 

s h i f t s  between l i ves tock  ca tego r i es  a r e  not read i l y  expected. The supply 



behav ior  of fa rmers  is, t h e r e f o r e ,  t o  produce more o r  l e s s  of a l i v e s t o c k  

commodity depending on product  p r i c e s  and c o s t s .  Before a producer w i l l  

s h i f t  from one l i v e s t o c k  ca tegory  t o  t h e  o t h e r  a f a i r l y  major s h i f t  i n  

r e l a t i v e  p r i c e s  would be requ i r ed  o r ,  a l t e r n a t i v e l y ,  through po l i c y  

i n t e r v e n t i o n  a s h i f t  between c a t e g o r i e s  may be achieved.  Our conceptua l  

model f o r  l i v e s t o c k  does no t  t h e r e f o r e  cons ide r  t h e  p r i c e  of an a l t e r n -  

a t i v e  l i v e s t o c k  commodity a s  be ing h igh ly  s i g n i f i c a n t  . 

4.1 Wheat, Coarse Gra ins  and O i l seeds  

Var ious approaches t o  es t ima t i ng  t o t a l  ou tpu t  of wheat, coa rse  

g r a i n s  and o i l s e e d s  may be cons idered:  e s t i m a t e  p roduc t ion  d i r e c t l y ,  

e s t i m a t e  a rea  and y i e l d  f unc t i ons  s e p a r a t e l y  w i th  product ion being equal  

t o  t h e i r  product ,  o r  a l t e r n a t i v e l y  es t ima te  a r e a  and product ion func t ions  

s e p a r a t e l y  and then a r e a  is used a s  an inpu t  i n t o  t he  t o t a l  p roduct ion 

f unc t i on .  The approach adopted i n  t h i s  s tudy  es t ima tes  a rea  and y i e l d  

f unc t i ons  and t h e i r  p roduc t  r e p r e s e n t s  t o t a l  p roduct ion.  A two s t a g e  

dec i s i on  p rocess  is hypothes ized.  F i r s t l y ,  fa rmers  dec ide  on t h e  t o t a l  

ac-reage t o  p l a n t  and the reby  s imul taneous ly  dec ide  on t h e  t h e  acreage t o  

b e  fa l lowed f o r  t h a t  year .  The a rea  t o  p l a n t  o r  f a l l ow  is p a r t l y  

i n f l uenced  by expected p r i c e s  f o r  t h e  coming season and p a r t l y  i n f l uenced  

by s o i l  mois ture  and o t h e r  agronomic cond i t i ons .  A second dec i s i on  

concerns t h e  acreage t o  be p lan ted  t o  each of t h e  i nd i v i dua l  c rops:  

wheat, coa rse  g ra i ns  and o i l s e e d s .  The expected r e l a t i v e  p r o f i t a b i l i t y  

o f  each of t h e  a l t e r n a t i v e s  a f f e c t s  t h i s  dec is ion .  

I n  model l ing t h i s  dec i s i on  p rocess ,  t h e  t o t a l  acreage p l an ted  to 

g r a i n s  and o i l s e e d s  is s p e c i f i e d  to be a f unc t i on  of a lagged weighted 



p r i c e s  f o r  wheat ,  coarse g r a i n s  and  o i l  s e e d s .  A l s o ,  due to the r a t h e r  

e x t e n s i v e  n a t u r e  of  P r a i r i e  a g r i c u l t u r e ,  t h e  to ta l  a c e r a g e  p l a n t e d  to 

g r a i n s  is p a r t l y  i n f l u e n c e  by new l a n d  b e i n g  b rough t  i n t o  p r o d u c t i o n .  

The area summerfa l lowed is s p e c i f i e d  to be n e g a t i v e l y  i n f l u e n c e d  by t h e  

a r e a  summerfal lowed las t  y e a r ,  and  p o s i t i v e l y  i n f l u e n c e d  by t h e  i nven t -  

ories o f  g r a i n  which i n d i r e c t l y  a c c o u n t s  f o r  e x p e c t e d  price c o n d i t i o n s .  

A dummy v a r i a b l e  a l l o w s  f o r  t h e  u n u s u a l  c o n d i t i o n s  e n c o u n t e r e d  d u r i n g  t h e  

LIFT program y e a r .  R e s u l t s  f o r  t h e s e  e s t i m a t i o n s  are p r e s e n t e d  i n  T a b l e  

4.1.  The numer ic  code  used  is no ted  i n  Appendix B. L e v e l s  o f  s i g n i f -  

i c a n c e  f o r  t h e  e x p l a n a t o r y  v a r i a b l e s  are g e n e r a l l y  low b u t  v a r i a b l e s  have  

t h e  correct s igns . 

T a b l e  4.1: E s t i m a t e d  Model C o e f f i c i e n t s  f o r  Supp l y  Module 

1. T o t a l  G r a i n s  and O i l s e e d s  Acreage 

ACGR = 19447.5 + 671.07 FPGRL2 - 3855.36 DLFT4 + 353.03 LTIME 
(692.32)  (707 .14)  (616 .01 )  (355.97 ) 

R~ = 0.81 DW = 2.06 

ACSF = 11525.2 - 0.09 ACSFL + 0.02 INGRL + 3674.5 DLFT4 
(1200.9)  (0 .11 )  (0 .02 )  (597 .1 )  

R~ = 0.87 DW = 1.45 

3. T o t a l  C u l t i v a t e d  Acreage 

ACCA = ACGR + ACSF 



Given the t o t a l  planted acreage, share equations are used to 

est imate the proportions planted t o  wheat, coarse grains o r  oi lseeds. 

The oi lseed acreage share i s  t reated as the residual.  Following Nerlove 

( 1958) farmers adjust  t he i r  output towards a desired level  based on 

expected future p ro f i t s  but t h i s  adjustment is not immediate. In the 

wheat share equation the variable h e a t  acreage share lagged (ACWHSL) 

par t l y  captures t h i s  adjustment process. In addit ion, the expected rela- 

t i v e  p ro f i tab i l i t y  of wheat versus that  of coarse grains is measured by 

variables which specify the t o ta l  revenue ( r e a l  and lagged) per acre for 

each of these commodities (TRWHLR 9 TRCGLR) and inventories of wheat 

lagged ( INWHL)  are expected to  have a negative impact on wheat acreage 

share. A s  indicated in  Table 4.2, these variables are s ign i f icant  and 

have the correct sign. 

I t  is noted tha t  expected p ro f i t s  are rather naively measured as 

a lagged t o t a l  revenue var iable def lated by an index of input costs. 

Estimates of revenue expectation (Appendix C )  based on the Box-Jenkins 

methodology (Box and Jenkins, 1970) were derived and using these adjusted 

pr ices,  a l ternat ive speci f icat ions were t r ied.  I n i t i a l  resu l t s  were not 

t h a t  sat is factory and therefore the naive pr ice expectations mde l  

resu l t s  have been reported. The task of attempting to  specify an 

approach or methodology t o  deal with expectations is not t ha t  c lear  

(Kantor, 1979). However, given the importance of expectations i n  

accurately forecast ing output fur ther at tent ion needs to  be given to t h i s  

problem. 

In addit ion t o  each of the share equations, expected yields per 

hectare for wheat, coarse grains and oi lseeds are estimated (Table 4.2).  



T a b l e  4.2: Wheat, Coa rse  G r a i n s  and O i l s e e d s  S h a r e  Equa t i ons  and 
Y i e l d  F u n c t i o n s  

4. Wheat 

ACWHS = 0.6161 + 0.348 ACWHSL + 0.128 TRWHLR - 0.243 TRCGLR 
(0.0468)  (0 .089 )  (0 .065)  (0 .067)  
- 0.0000085 INWHL - 0.138 DLFT 

(0.0000034) (0 .057 )  
R2 = 0.90 DW = 2.15 

YIWH = 0.433 + 0.020 TIME + 0.02 RAIN + 0.000026 ACSFL 
(0.407)  (0 .008 )  (0 .006)  (0.000035)  

R~ = 0.67 DW = 2.38 

ACWH = ACGR ACWHS 

QPWH = ACWH * Y I W H  

5. Coarse  G r a i n s  

ACCGS = 0.2907 + 0.1734 TRCGLR - 0.1076 TRWHLR + 0.1449 DLFT3 
(0.0292)  (0 .0432)  (0 .0336)  (0 .0194)  

R2 = 0.91 DW 1.00 

YlCG = 0.996 + 0.0211 TIME + 0.0082 RN + 0.000036 ACSFL 
(0 .316 )  (0 .0077)  (0 .0042)  (0.000033)  

R2 = 0.72 DW = 1.87 

ACCG = ACGR ACCGS 

QPCG = ACCG YICG 

6.  O i l s e e d s  

ACOSS = 0.0227 + 0.000016 ACOSSL + 0.00843 (FPOSLR/FPWHLR) 
( 0  e0208) (0.0000079)  ( 0  -00526)  

+ 0.095 DLFT 
(0 .020 )  

R2 = 0.81 DW = 1.72  

YIOS = 0.15 + 0.004 TIME 
R2 = 0.68 DW = 1 .91  

ACOS = ACGR * ACCOS 

QPOS + ACOS YIOS 



S o i l  mois ture  cond i t i ons  a r e  important  t o  g ra i ns  and t h e r e f o r e  i n  t h e  

case  of wheat t h e  p rev ious  seasons l a t e  f a l l  r a i n f a l l  and e a r l y  season 

r a i n f a l l  a r e  aggregated and found t o  be s i g n i f i c a n t .  For coarse  g ra i ns  

t h e  r a i n f a l l  du r i ng  t h e  growing season is s i g n f i c a n t .  One a l s o  expec ts  a 

d i f f e r e n c e  i n  y i e l d  depending on whether a c rop  is grown on land a f t e r  

f a l l ow  o r  on s t ubb le .  A t  t h e  aggrega te  l e v e l  t hese  e f f e c t s  were not  

s i g n i f i c a n t .  I n  a d d i t i o n ,  over  t i m e  t h e r e  have been gene t i c  and o the r  

t echno log i ca l  changes t h a t  have r e s u l t e d  i n  h i ghe r  y i e l d s  p e r  h e c t a r e  and 

t h e s e  e f f e c t s  a r e  accounted f o r  by use  of a s imple  t i m e  v a r i a b l e .  These 

r e s u l t s  a r e  noted i n  Tab le  4.2.  

4.2. Pork and P o u l t r y  

For bo th  pork and pou l t r y  ou tpu t  (measured i n  metric t ons  of 

p r o t e i n  equ i va l en t )  it w a s  dec ided t h a t  a f a i r l y  s imple  s i n g l e  equa t ion  

would s u f f i c e .  P o u l t r y  and eggs a r e  p r e s e n t l y  aggregated,  a l though it 

would be d e s i r a b l e  t o  d i sagg rega te  because of t h e  d i f f e r e n t  i n s t i t u t i o n a l  

and economic s t r u c t u r e s  of t h e  two i n d u s t r i e s .  The d e c i s i o n  t o  aggrega te  

t h e s e  two s e c t o r s  is p a r t l y  based upon t h e  p r i c e  in fo rmat ion  (endogeneous 

world p r i c e )  p rov ided  when t h e  exchange equ i l i b r i um  is so lved.  A t  t h i s  

l e v e l  pork, p o u l t r y  and f i s h  p roduc ts  a r e  a l l  conver ted to a p r o t e i n  

equ i va l en t  basis and then a t r a d i n g  p r i c e  f o r  t h i s  aggrega te  is deter -  

mined. Th is  t r ea tmen t  is no t  t h a t  d e s i r a b l e  from our  pe rspec t i ve  and 

s p e c i a l  a t t e n t i o n  w i l l  be r equ i r ed  f o r  t h e s e  commodities. However, t h i s  

be ing  t h e  case  t h e r e  appeared t o  be l i t t l e  advantage i n  a t tempt ing  to 

d e t a i l  supp ly  o r  demand f u n c t i o n s  f o r  c e r t a i n  commodities when t h e s e  a r e  

n o t  s p e c i f i e d  i n  d e t a i l  by o t h e r  t r a d i n g  p a r t n e r s .  A l t e r n a t i v e l y ,  it 



it would a l s o  have been poss ib le  t o  d isaggregate both supply and demand 

f o r  t he  i n t e r n a l  market a lone,  t r a d e  a t  these l e v e l s  i n  t h e  domestic 

market, and then dev ise c e r t a i n  aggregat ion procedures when the  in te r -  

na t i ona l  market is entered.  This approach may be followed as  t he  work 

develops. The manner i n  which they w i l l  be t r e a t e d  when a disaggregated 

market p r i c e  is to be used. It w i l l  requ i re  r e s p e c i f i c a t i o n  of c e r t a i n  

t r a d i n g  or  po l i cy  r u l e s .  I n  t h e  i n t e r n a t i o n a l  market it is expected t h a t  

t h e  10 commodity t r ad ing  l is t  w i l l  not be expanded upon t h e  near f u tu re .  

Therefore,  more d e t a i l  regard ing supply and demand schedules f o r  pork, 

pou l t r y  and f i s h  f o r  each of t he  t r ad ing  nat ions w i l l  not  be ava i l ab le .  

Aggregate supply schedules f o r  pork and pou l t ry  and eggs a r e  

presented i n  Table 4.3. A s  i nd i ca ted  farmers respond p o s i t i v e l y  t o  a 

r e a l  p r i c e  inc rease  i n  pork (FPPKLR) and t h e  r e a l  p r i c e  of coarse g ra ins  

has a negat ive impact (FPCGLR). The l e v e l  of s i gn i f i cance  of these  

va r i ab les  is f a i r l y  low. The est imated r e l a t i o n s h i p  f o r  pou l t r y  and eggs 

i s  unsa t i s fac to ry .  Given t h e  i n s t i t u t i o n a l  s e t t i n g s  of t h i s  indus t ry  a 

d i f f e r e n t  s p e c i f i c a t i o n  is requi red.  Inven to r ies  of these  commodities 

rep resen t  a proxy i n  an at tempt  to m d e l  t he  po l i cy  s e t t i n g  behavior of 

t h e  b r o i l e r  and egg marketing boards. The p r i c e  r a t i o  of pou l t ry  and 

eggs r e l a t i v e  to t h a t  of feed  is p o s i t i v e ,  wi th an e l a s t i c i t y  of 0.07. 

4.3 Dairy and B e e f  

The approach adopted f o r  both the  da i r y  and beef s e c t o r s  i s  to 

at tempt  t o  es t imate  cow o r  herd s i z e  i n i t i a l l y ,  and wi th  t h i s  s i z e  as  

given deduce milk y i e l d  o r  beef s laughter .  



T a b l e  4.3: L i v e s t o c k  Response Equa t i ons  

7. Pork 

QPPK = -68.71 + 0.902 QPPKL + 35.02 FPPKLR - 230.84 FPCGLR 
(206.92)  (0 .175)  (20 .36)  ( 107.61) 

R2 = 0.76 DW = 2.43 

8. P o u l t r y  a n d  Eggs 

QPPE = -11.90 + 1.237 QPPEL + 0.0896 (FPPELR/FPcGLR) - -0021  INPEL 
(11 .28)  (0 .144)  (0 .0654)  ( .00087) 

R~ = 0.94 DW = 1 .43  

9.  Da i ry  

I N K  = 201.32 + 0.906 INDCL + 81.64 FPDALR - 62.64 LTIME 
(395.01)  (0.093)  ( 122.86) (35 .66)  

R2 = 0.99 DW = 1 . 9 8  

Y i D A  = 2.44 + 0.307 FPDALR + 0.065 TIME 
(0 .24 )  (0 .026)  (0 .008)  

QPDA = INDC Y i D A  

10.  Beef 

INBC = -2097.52 + 0.975 INBCL + 249.48 FPBFLR - 361.96 FPCGLR 
(518.34)  (0 .042)  (44 .54)  (317.00)  

R~ = 0.98 DW = 1 . 6 8  

QSTB = 3047.16 + 0.182 INBCL - 184.34 FPBFLR + 990.49 FPCGLR 
(666.58)  (0 .028)  (59 .88)  (371.10)  

R2 0.85 DW = 1.30 

YiBF = 0.401 - 0.000060 FPCGL - 0.000022 QSTB 
R~ = 0.79 DW = 1.17 

QPBF = QSTB YiBF 



A s  with b r o i l e r s  and eggs i n s t i t u t i o n a l  r u l e s  regu la te  output  i n  

t h e  da i ry  sec to r .  Essen t i a l l y ,  it may be argued t h a t  output  f o r  t h e  

da i r y  s e c t o r  is regu la ted  according t o  demand cond i t ions .  I f  t h i s  

conceptual  approach was t o  be fol lowed it requ i res  e x p l i c i t  determinat ion 

of var ious demand e l a s t i c i t i e s  by product .  This d e t a i l e d  spec i f  ica ' t ion 

of demands fo r  da i r y  products  is not f e a s i b l e  given t h e  cu r ren t  develop- 

ment s t a t u s  of t h e  a lgor i thm,  even f o r  a domestic equi l ibr ium f o r  a 

s i n g l e  country,  and consequent ly a r a t h e r  simple a l t e r n a t i v e  spec i f i ca -  

t i o n  is  de ta i l ed .  

Over t i m e  t h e  number of cows milked on farms ( I N D C )  has dec l ined 

s t e a d i l y  from 2.9 m i l l i o n  cows t o  2 m i l l i o n  cows over t h e  16 yea r  per iod 

ending i n  1976. Milk product ion per  cow over t h e  same per iod  has 

inc reased from 2.9 m i l l i o n  tonnes of milk equ iva len t  to 3.9 mi l l i on  

tonnes. These r e l a t i o n s h i p s  a r e  captured i n  t h e  equat ions presented i n  

Table 4.3. A t i m e  v a r i a b l e  i n d i c a t e s  t h i s  t r end  i n  both herd s i z e  and 

y i e l d  and e s s e n t i a l l y  cap tu res  t h e  i n s t i t u t i o n a l  r egu la t i ons  governing 

t h e  indust ry .  Aside from these  r u l e s  t h e r e  is a smal l  response to r e a l  

p r i c e  changes. A p o s i t i v e  e f f e c t  f o r  the  lagged farm da i ry  p r i c e  al lows 

both y i e l d  and cow numbers to respond to p r i c e  inc reases .  

Given t h e  r a t h e r  p red i c tab le  t rends  f o r  both cow numbers and 

y i e l d  over t h e  p a s t ,  t hese  s p e c i f i c a t i o n s  a r e  s a t i s f a c t o r y  from one p o i n t  

of  view bu t  u n s a t i s f a c t o r y  i f  a more v o l a t i l e  o r  p r i c e  responsive 

indus t ry  is envisaged. I f ,  on t h e  o the r  hand, t h e  s t r u c t u r e  of t h e  

i ndus t r y  is t o  remain, a s  i n  t he  p a s t ,  and, i f  one is t o  assume t h a t  t h i s  

w i l l  not change, even i n  t h e  face of s h i f t s  i n  t h e  i n t e r n a t i o n a l  scene, 

then it may be appropr ia te  t o  spec i fy  t h i s  i ndus t r y  as  shown. 



I n  m d e l l i n g  t h e  beef s e c t o r  it was dec ided t h a t  r a t h e r  than  a 

d e t a i l e d  s p e c i f i c a t i o n  (FARM, 1980) ,  a t t e n t i o n  would be given to t h e  

investment  d e c i s i o n  t h a t  ranchers  make. The d e c i s i o n  on whether o r  not  

t o  b u i l d  up t h e  herd a f f e c t s  s u p p l i e s  to t h e  market i n  t h e  s h o r t  run 

s i n c e  h e i f e r s  and pe rhaps  some c u l l  cows w i l l  be r e t a i n e d  f o r  breed ing 

purchases.  Over t h e  longer  run s u p p l i e s  to t h e  market  w i l l  i n c r e a s e  a s  

c a l v e s  from t h i s  l a r g e r  s i z e d  he rd  a r e  marketed. Aside from t h e  cow-calf 

o p e r a t i o n ,  f e e d l o t  o p e r a t o r s  a l s o  a f f e c t  s u p p l i e s  t o  t h e  market  by t h e i r  

d e c i s i o n s .  Feed p r i c e s  r e l a t i v e  t o  t h o s e  of f e d  c a t t l e  a r e  impor tant  

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

The v a r i a b l e ,  i n v e n t o r i e s  of beef c a t t l e  (INBC), i n d i c a t e d  i n  

Tab le  4.3, is a weighted aggega te  of bo th  beef cows, y e a r l i n g s  and 

c a l v e s .  I t  i n c l u d e s  an imals  on farms and t h o s e  on f e e d l o t s .  I n v e n t o r i e s  

are hypothes ized t o  be p o s i t i v e l y  r e l a t e d  to t h e  p r i c e  of beef (FPBFLR) 

and n e g a t i v e l y  r e l a t e d  t o  t h e  p r i c e  of  c o a r s e  g r a i n s  (FPCGLR). An 

a c c u r a t e  f o r e c a s t  of he rd  s i z e  ( i n v e n t o r i e s )  is e s s e n t i a l  i f  a  r e l i a b l e  

model of t h e  beef s e c t o r  is to be developed. 

Fol lowing t h e  d e c i s i o n  r e g a r d i n g  herd  s i z e ,  a c e r t a i n  p r o p o r t i o n  

o f  t h a t  he rd  w i l l  be s l a u g h t e r e d  each year  (QSTB). E s s e n t i a l l y ,  t h i s  

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

c a n t  v a r i a b l e ,  l a s t  y e a r s  end ing i n v e n t o r i e s  (INBCL). The n e g a t i v e  s i g n  

o n  beef  p r i c e  r e i n f o r c e s  t h e  investment  d e c i s i o n .  That  is, w i t h  a p r i c e  

i n c r e a s e  i n  b e e f ,  r a n c h e r s  w i l l  t end  t o  holdback i n  o r d e r  t o  con t inue  

b u i l d i n g  herd  s i z e .  They w i l l ,  on t h e  o t h e r  hand, i n c r e a s e  t h e  number 

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



Having der ived the  number of animals s laughtered each year ,  an 

es t imate  of carcass  y i e l d  per s laughtered animal is used i n  order  to 

c a l c u l a t e  t o t a l  supp l ies  t o  t he  market. In t h i s  r e l a t i o n s h i p  f eed lo t  

opera to rs  w i l l  tend t o  f a t t e n  animals t o  a l i g h t e r  weight a s  p r i c e s  of 

feed g ra ins  inc rease  and t h e r e  is a l s o  a s l i g h t l y  negat ive e f f e c t  a s  t h e  

volume s laughtered i nc reases ,  implying t h a t  a h igher  percentage a r e  

females and a r e  smaller weight carcasses.  

The simple model a s  spec i f i ed  above is an at tempt  t o  cap tu re  t h e  

dynamics of t h e  investment and s laugh te r  p a t t e r n s  i n  t h e  indus t ry  without 

d e t a i l i n g  i nd i v i dua l  animal c l a s s e s  and with informat ion t h a t  w i l l  be 

suppl ied v i a  the  endogeneous va r i ab les  i n  t h e  system. 

Aside from these  major commodities it was a l s o  necessary to 

es t imate  supply respones f o r  t h r e e  aggregate commodity q o u p s  namely, 

vegetables and f r u i t ,  o t h e r  food crops and non-food crops. The est imated 

re la t i onsh ips  were genera l l y  less s a t i s f a c t o r y .  

4.4 Simulation Results 

The econometric m d e l  spec i f i ed  above has been p a r t i a l l y  t e s t e d  

over  t h e  ex p o s t  sample per iod.  A s  noted e a r l i e r  t h e  es t imat ion  per iod 

inc ludes 1976 and t h e r e a f t e r  one has t h e  advantage of using t h e  per iod 

1977 t o  t h e  p resent  a s  an ex 'post  f o r e c a s t  per iod  and up t o  t h e  year  2000  

a s  an ex a n t e  f o r e c a s t  per iod.  In  making these  t e s t s  of t h i s  supply 

module observed market p r i c e s  f o r  the  d i f f e r e n t  commodities a r e  used f o r  

t h e  ex p o s t  per iod.  Over t h e  -- ex a n t e  per iod market equi l ibr ium p r i ces  

a r e  determined endogenously i n  a general  equi l ibr ium framework. In  doing 



s o  expor ts  o r  imports a r e  he ld  constant  a t  t h e i r  1981 l e v e l s .  P r i o r  t o  

1981 ne t  imports a r e  set a t  t h e i r  observed l eve l s .  

This va l i da t i on  procedure t e s t s  a l l  components of t h e  m d e l  and 

f o r  t h i s  reason it becomes d i f f i c u l t  t o  i d e n t i f y  which component o r  

p a r t i c u l a r  equat ion o r  parameter thereof  may be misspeci f ied.  The 

approach the re fo re  has advantages and disadvantages but  was fol lowed 

mainly because of a lack  of a convenient s imulat ion sof tware package. 

Had t h i s  been a v a i l a b l e  an examination of supply responses alone both 

over  t he  es t imat ion  pe r i od  and fo recas t  per iod  could have been made. 

Th is  procedure of course requ i res  t h a t  a l l  aspec ts  of t h e  model inc lud ing 

t r a d e  l inkage r u l e s  and the  var ious po l i cy  components be spec i f i ed .  It 

a l s o  makes t h e  va l i da t i on  procedure mre d i f f i c u l t  because of t he  many 

i n t e r r e l a t i o n s h i p s  involved. Problems t h a t  a r e  loca ted  may a r i s e  because 

of some misspec i f i ca t ion  e r r o r s  o r ,  on t he  o the r  hand, may be due to  

simple sof tware e r r o r s .  I t  is  problems of t h i s  na tu re  t h a t  make an 

eva lua t ion  a t i m e  consuming process.  

I n  implementing these  t e s t s  t h e  procedure fol lowed was t o  adapt 

sof tware developed f o r  t h e  bas i c  l inked system ( t h e  supply component 

thereof  being t h e  non l inear  a l l o c a t i o n  model) and t o  use t h i s  t o  t e s t  t h e  

modules developed, e i t h e r  t h a t  spec i f i ed  f o r  t h e  a l l o c a t i o n  model o r  

a l t e r n a t i v e l y  t h a t  f o r  t h e  econometric supply s p e c i f i c a t i o n .  The demand, 

inventory ,  po l i cy ,  non a g r i c u l t u r a l  and o the r  components remain cons tan t  

f o r  both procedures.  

I n  t h i s  eva lua t ion ,  r e s u l t s  of t h e  econometric supply module f o r  

t h e  f o recas t  per iod ,  up t o  1981, a r e  genera l l y  s a t i s f a c t o r y .  Predic ted 



ou tpu t  from t h e  va r i ous  s e c t o r s  cor responds f a i r l y  a c c u r a t e l y  to a c t u a l  

ou tpu t .  When t h i s  is no t  t h e  case  t h e  dev ia t i on  may be exp la ined  by some 

exogeneous shock, e.g.  weather f o r  t h e  g ra i ns .  Over a f i v e  year  e x  a n t e  

f o r e c a s t  pe r i od  t h e r e  appears  t o  be problems i n  t h e  g ra i ns  and o i l s e e d s  

s e c t o r s .  I n  p a r t i c u l a r ,  t h e  sha re  of t h e  p l an ted  ac reage  going t o  wheat 

i n c r e a s e s  and consequent ly  wheat ou tpu t  is  expanded a t  t h e  expense of 

coa rse  g ra i ns  and o i l s e e d s .  Over a longer  f o r e c a s t  p e r i o d  t h i s  t r e n d  is 

cont inued.  Fur the r  t e s t i n g  t o  determine reasons  f o r  t h e s e  r e s u l t s  is 

con t inu ing .  

For l i v e s t o c k ,  it appears  t h a t  t h e  d a i r y  herd  w i l l  become re l a -  

t i v e l y  small; y i e l d  pe r  cow on t h e  o t h e r  hand is i n c reas ing .  Th is  down- 

ward t r e n d  i n  cow numbers may be t o o  s t rong .  Output p r e d i c t i o n s  f o r  t h e  

o t h e r  l i v e s t o c k  s e c t o r s  appear reasonable .  

These r e s u l t s  a r e  no t  r epo r t ed  h e r e  because it is necessary  to 

e l i m i n a t e  problems b e f o r e  do ing so. Cur ren t l y  t h e  r e l a t i v e  s t r e n g t h  

shown by t h e  wheat s e c t o r  is be ing  i n v e s t i g a t e d .  S ince  t h i s  s t r o n g  

growth i n  wheat ou tpu t  a f f e c t s  ou tpu t  responses i n  o t h e r  s e c t o r s .  One 

r e a l l y  needs t o  i n v e s t i g a t e  t h e  former response be fo re  t h e  l a t t e r  a r e  

eva lua ted .  A s t r o n g  wheat s e c t o r  a f f e c t s  t h e  ou tpu t  of coarse  g ra i ns  , 

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

cons tan t  a t  1981 l e v e l s ) ,  and a h i gh  feed  g r a i n  p r i c e  a f f e c t s  each of t h e  

l i v e s t o c k  s e c t o r s  d i f f e r e n t l y .  The i n t e r r e l a t i o n s h i p s  invo lved a r e  

complex, a s  one may expec t ,  and be ing so t h e  t a s k  of v a l i d a t i o n  a l s o  

d i f f i c u l t .  



5. THE DEMAND BLOCK 

The demand component is an i n t e g r a l  p a r t  of t h e  Basic Linked 

System (BLS). Through it c u r r e n t  pe r i od  p r i c e s  and commodity consumption 

l e v e l s  a r e  determined.  Th is  s e c t i o n  desc r i bes  t h e  procedures used to 

es t ima te  t h e  demand component parameters ,  p rov ides  t h e  es t ima ted  demand 

parameter r e s u l t s  f o r  Canada and then  eva lua tes  procedures,  r e s u l t s  and 

imp l i ca t ions .  

The Basic Linked System so l ves  f o r  equ i l i b r i um  p r i c e s  and 

i n d i v i d u a l  count ry  consumption and t r a d e  p a t t e r n s  , given t he  pre-deter- 

mined supply of the 10 commodities i n  each count ry ,  i n d i v i d u a l  count ry  

demand f unc t i ons  and coun t ry  market po l i c y  v a r i a b l e s .  Demand f unc t i ons  

f o r  each commodity i n  each count ry  a r e  conf ronted w i th  an i n t e r n a t i o n a l  

p r i c e  and through t h e  s o l u t i o n  a lgo r i thm i t e r a t e s  by increments  of t h e s e  

p r i c e s  t o  an equ i l i b r ium.  The i n t e r n a t i o n a l  p r i c e s  are m d i f i e d  by 

exchange r a t e s  and coun t ry  p o l i c y  v a r i a b l e s  so  a s  t o  t r a n s l a t e  t h e  

i n t e r n a t i o n a l  p r i c e s  i n t o  e q u i l i v a l e n t  domestic va lues .  

Design for the Demand Component 

To ensure  compatab i4 i ty  w i th  t h e  r e s t  of t h e  m d e l ,  t h e  demand 

component is des igned t o  ( i)  adhere  to the t e n  commodity set and (ii) t o  

ope ra te  i n  annual  increments .  The m d e l  is  a genera l  equ i l i b r ium m d e l  

and thus ,  commodity d e f i n i t i o n s  must prov ide complete coverage of t h e  

economy. To ensure t h a t  t h e  a lgo r i thm converges t o  an equ i l i b r ium,  t h e  

f unc t i ons  must be homogeneous of degree zero .  



For t h e  BLS, demand parameters a r e  requ i red  f o r  each count ry  f o r  

each commodity. The demand system adopted was an extended L inear  

Expendi ture System (LES) approach.  However, t h e  r e s u l t s  ob ta ined  us ing  a  

s imul taneous es t ima t i on  of t h e  LES were no t  r e a l i s t i c  and, hence, a  

mu l t i - s tep  procedure was adopted to o b t a i n  c o n s i s t e n t  parameters  w i th  a  

l i n e a r  expend i tu re  system s t r u c t u r e .  The s t e p s  used to e s i t m a t e  demand 

parameters ,  and which w i l l  be desc r ibed  i n  m r e  d e t a i l  below, a r e :  

( i)  Est imate an extended LES f o r  two goods ( a g r i c u l t u r e  and non 

a g r i c u l t u r e ) ,  

( i i) Est imate  Engel cu rves  f o r  each of t h e  n i ne  a g r i c u l t u r a l  commod- 

i t ies ,  

(iii) Minimize t h e  d e v i a t i o n  between t h e  LES f o r  a g r i c u l t u r e  and t h e  

sum of  t h e  n i n e  a g r i c u l t u r a l  commodities and a  c a l o r i e  

c o n s t r a i n t ,  

( i v  ) Est imate  l i v e s t o c k  feed  demand (and add t o  food demand) , 

( v )  Est imate a  committed demand f o r  a l l  t e n  commodities, 

( v i )  Es t ima te  marg ina l  budget s h a r e s  f o r  a l l  t e n  commodities. 

Two-Sector Linear Expenditure System 

The f i r s t  s t e p  to o b t a i n  demand c o e f f i c i e n t s  f o r  t h e  BLS was t h e  

es t ima t i on  of an extended LES f o r  a g r i c u l t u r e  and non-agr i cu l tu re  expend- 

i t u e s .  A s tanda rd i zed  s t r u c t u r e  was used f o r  each count ry  and f o r  t h e  

deve lop ing c o u n t r i e s ,  two income c l a s s e s  were des ignated.  The f u n c t i o n a l  

fonn was: 

(1) PiQi = Pici + Bi (Y - P - C . 1  + Ui i = 1 ,2  and I I 

( 2 )  Cit = Ci* + Gi (Qit-l) 



with Pi t h e  p r i c e  of com~nodity i, 

Qi per  c a p i t a  quan t i t y  consumed of commodity i, 

Ci per  c a p i t a  minimum requi red quan t i t y  of commodity i, 

Cif per  c a p i t a  cons tan t  committed quan t i t y  of commodity i, 

Gi an est imated parameter,  

Y t o t a l  expendi tures per  c a p i t a ,  

B~ marginal  budget share ,  

ui a d is tu rbance term. 

The a g r i c u l t u r a l  s e c t o r  c o e f f i c i e n t s  a r e  used to cons t ra in  t h e  

r e s u l t s  from t h e  Engel curve es t imat ion  descr ibed i n  t h e  fo l lowing 

sec t ion .  

Engel Curves 

Expenditure e l a s t i c i t i e s  f o r  t h e  n ine a g r i c u l t u r a l  commodities, 

were est imated us ing Engel curves. These expendi ture e l a s t i c i t i e s  were 

requ i red  to ob ta in  marginal budget share est imates.  The Engel curves 

were est imated from non- l inear funct ions,  us ing one of t h e  fo l lowing 

forms, 

( 3 )  P i Q i  = ai(Y70)ki 

( 4 )  PiQi - - a i  + ki/Ln(Y70) 

( 5 )  LnPiQi = ai - ki/Y70 

( 6 )  PiQi = ai(Y/PIO)ki 

( 7 )  PiQi - - ai + ki/~n(Y/P1O ) 

(8) LnPiQi = ai - ki/ ( Y/P10 ) 

with PiQi p e r  c a p i t a  expendi tures f o r  good i, ai r  and ki 

es t imated  parameters.  



Y70 food expendi tures i n  1970 d o l l a r s ,  and 

Y/P10 c u r r e n t  food expendi tures d e f l a t e d  by non food r e t a i l  

p r i c e s .  

Consistency of  LES and Engel Curve Est imates 

Est imated expendi tures f o r  t h e  n ine a g r i c u l t u r a l  commodities 

obta ined from these  Engel curves were ad jus ted  to :  

( i ) ensure cons is tency with t o t a l  a g r i c u l t u r a l  expendi tures,  obta ined 

f rom equat ions ( 1) and ( 2 )  

(ii) l i m i t  t o t a l  food consumption below a maximum d a i l y  c a l o r i e  

i n take .  

The procedure used fo r  t h i s  adjustment was to minimize the  devia- 

t i o n s  of ( a )  t h e  sum of t h e  food expendi tures obta ined from the  Engel 

curves and the  food expendi tures obtained from equat ion ( 1 1 ,  and ( b )  t h e  

sum of t h e  est imated c a l o r i e  consumption and a maximum al lowable l eve l .  

Adjusted expendi ture da ta  were then converted t o  t o t a l  domestic agr i -  

c u l t u r a l  food consumption f o r  t he  count r ies .  

Feed Consumption 

Feed consumption pe r  animal u n i t  f o r  beef and o t h e r  animals f o r  

each commodity was es t imated  from nonl inear  func t ions  t h a t  included feed 

and animal p r i c e s  (F i sche r  & Frohberg, 1981b).  These per  u n i t  es t imates  

were mu l t ip l ied  by number of animal u n i t s  g iv ing t o t a l  feed consumption. 

A t  t h i s  s tage ,  t o t a l  feed consumption expendi tures est imated from feed 

demand equat ions,  p lus  in te rmed ia te  consumption, were added t o  food 

expendi tures f o r  each commodity. 



Marginal Budget Shares 

The l i n e a r  expendi ture system a l s o  requ i res  es t imates  of t h e  

marginal budget shares  f o r  each commodity. These va lues d i f f e r e d  from 

those  obtained from t h e  l i n e a r  expendi ture systems equat ions (1) and ( 2 )  

because t o t a l  and committed expendi tures now inc luded feed and intermedi- 

a t e  consumption expendi tures.  The marginal budget shares w e r e  ca l cu la ted  

f o r  each of t h e  t e n  commodities from informat ion on t o t a l  commodity 

expendi tures ( food and f e e d ) ,  t o t a l  and committed q u a n t i t i e s  and r e t a i l  

p r i ces .  Using no ta t ion  s i m i l a r  to equat ion (1) 

( 9 )  B i t  = Pit (Qi t  - C i t ) / Y  - PitCit 

wi th Bit t h e  marginal budget share ,  

Pit p r i c e  f o r  commodity i, 

Qit t o t a l  consumption of commodity i, 

Cit t o t a l  minimum requi red quant i t y  of commodity i, and 

Yt t o t a l  consumer expendi tures 

The budget shares c a l c u l t e d  i n  ( 9 )  a r e  ad jus ted  every per iod.  

E l a s t i c i t i e s  

Based on t h e  s p e c i f i c a t i o n  i n  ( 9 ) ,  income e l a t i c i t i e s  can be 

obta ined by : 

( 1 0 )  Ni = Bi/Wi 

wi th  Ni income e l a s t i c i t y  of demand 

Bi marginal budget share ,  and 

Wi expendi ture share.  

D i rec t  p r i c e  e l a s t i c i t i e s  f o r  each commodity can be ca lcu la ted  

from the  fol lowing formula: 



with Eii d i rec t  pr ice e las t i c i t y  of demand, 

B~ marginal budget share, 

Ci committed expenditures, 

Qi t o t a l  consumption expenditures. 

Cross pr ice e l a s t i c i t i e s  can be calculated from the following 

formula : 

with E i j  the cross pr ice e las t i c i t y  of ith commodity with 

respect to the jth commodity. 

Data Sources 

Date used in the demand estimation are largely from the Food and 

Agriculture supply-uti l ization accounts. Part of the data are published 

i n  FA0 Production and Trade Yearbooks and par t  are unpublished data. 

These data were aggregated from 600 commodities t o  the 16 commodity 

level .  Macro-economic data were obtained from the International Labour 

Organization and the World Bank. Annual data for  the period 1961-76 were 

used for estimation. IIASA obtained price data for  agr icul tural  commodi- 

t i e s  from FAO. These data refer  to  farm level transactions. To estimate 

r e t a i l  prices estimates of a processing margin between farm and r e t a i l  

levels were used. This margin i s  calcuated in uni ts of the non-agricul- 

t u ra l  commodity and the quantity is held constant aver time. Processing 



margins were assumed t o  vary wi th  non-agr icu l tura l  p r i c e s .  

Expenditure d a t a  f o r  t he  nine a g r i c u l t u r a l  commdi t i e s  and a l s o  

t o t a l  a g r i c u l t u r e  inc lude on ly  t h e  farm l e v e l  value; t h a t  is, they 

exclude the  va lue added i n  t h e  food and a g r i c u l t u r e  process ing,  d i s t r i -  

bu t ing  and r e t a i l i n g  (PDR) sec to r .  One except ion is  the  va lue added i n  

feed  process ing which is inc luded i n  t o t a l  feed expendi tures.  The value- 

added from the  a g r i c u l t u r a l  PDR s e c t o r  is inc luded i n  t h e  expendi ture 

d a t a  f o r  t he  non-agr icu l tura l  sec to r .  

Model Reaul ta 

The est imated c o e f f i c i e n t s  f o r  t h e  two-good dynamic l i n e a r  

expendi ture systems, equat ions (1) and ( 2 ) ,  a r e  shown i n  Table 5.1. Both 

Canadian r e s u l t s  and those f o r  a l l  o the r  coun t r i es  a r e  shown f o r  compari- 

son purposes. These c o e f f i c i e n t s  a r e  t he  marginal budget shares ( B ~ ) ,  

t h e  minimum requ i red  q u a n t i t i e s  (c i * )  and the  h a b i t  o r  pe rs i s tance  

parameter (Gi 1 . 
Shares of a g r i c u l t u r e  and non a g r i c u l t u r e  expendi tures were 

obta ined f o r  1969 and these  a r e  shown i n  Table 5.2 (Columns 1 and 2 )  . A s  

noted above, f o r  a g r i c u l t u r e ,  t h e  value-added ou ts ide  of t h e  s e c t o r  has 

been included i n  t h e  non- a g r i c u l t u r e  expendi tures . The marginal budget 

shares  from Table 5.1 were d iv ided by these share  va lues t o  ob ta in  income 

e l a s t i c i t i e s .  These e l a s t i c i t i e s  a r e  shown fo r  a g r i c u l t u r a l  and non- 

a g r i c u l t u r a l  goods i n  column 3 and 4 of Table 5.2. 



T a b l e  5.1 Es t ima ted  C o e f f i c i e n t s ,  by Count ry ,  f o r  Two S e c t o r  Demand System 

Marg ina l  Budget S h a r e s  A g r i c u l t u r e  Non A g r i c u l t u r a l  
Count ry  A g r i c u l t u r e  Non Ag. Ci Gj C; G i  - 
Argen t i na  0.0645 0.9355 272.925 0.067 6.779 0.05 

A u s t r a l i a  0.0184 0.9816 185.991 0.287 25.867 0.05 

A u s t r i a  0.0472 0.9528 222.023 0.200 15.592 0.63 

B r a z i l  

Canada 

Egypt 

I n d o n e s i a  

J a p a n  

Kenya 

Mexico 

New Zea land 

N i g e r i a  

P a k i s t a n  

T h a i l a n d  

EEC 

Source :  IIASA estimates - T-MATRIX, D e c .  81. 



Table 5.2 Expenditure Shares and Income E l a s t i c i t i e s ,  by Country, for  
Agricultural and Non Agriculture Sectors 

Expenditure Share Income E las t i c i t y  
Countries Agriculture Non Agriculture Agriculture Non Agriculture 

Argentina 

Austral ia 

Austria 

Brazi l  

Canada 

Egypt 

Indonesia 

Japan 

Kenya 

Mexico 

New Zealand 

Nigeria 

Pakistan 

Thailand 

EEC -180 .820 -206 1.174 

Source: IIASA Estimates 



Engel curves were est imated f o r  t h e  9 commodities. Six a l te rna-  

t i v e  func t iona l  forms were used a s  shown i n  equat ions ( 3 )  t o  ( 8 ) .  The 

est imated c o e f f i c i e n t s  a r e  shown i n  Table 5.3 f o r  wheat and Table 5.4 f o r  

bee f .  The t a b l e s  a l s o  show t h e  equat ion se lec ted .  No s t a t i s t i c a l  

informat ion was a v a i l a b l e  (e .g .  s tandard e r r o r s ,  R2, e t c . )  t o  assess  

t h e  r e l i a b i l i t y  of t h e  r e s u l t s .  In  add i t ion ,  no informat ion was r e a d i l y  

a v a i l a b l e  on expendi tures o r  income t o  c a l c u l a t e  e l a s t i c i t i e s .  For those 

coun t r i es  where equat ion 3 o r  6 is used t h e  e l a s t i c i t i e s  a r e  t he  ki 

c o e f f i c i e n t  In  o the r  cases ,  enough informat ion is ava i l ab le  to  i n d i c a t e  

t h e  s igns  f o r  the  e l a s t i c i t i e s .  

Minimum requi red q u a n t i t i e s  were expressed a s  a percentage of t h e  

prev ious years consumption. These es t imates  a r e  shown i n  Table 5.5 f o r  

each of t he  10 commodities and 15 coun t r i es .  I t  would appear t h a t  IIASA 

es tab l i shed  these  judgmental ly, g iven t h e  un i formi ty  ac ross  count r ies .  

For example, t h e  coarse g r a i n  va lves f o r  a l l  coun t r i es  is 0.5. 

For 1970, t o t a l  q u a n t i t i e s  of human food consumption and domestic 

p r i c e s  a t  t h e  producer l e v e l  p l us  process ing margins ( t o  c a l c u l a t e  r e t a i l  

p r i c e s )  w e r e  used t o  c a l c u l a t e  food expendi tures a t  farm l e v e l  p r i ces .  

These a r e  shown i n  column (1) of Table 5.6. S imi la r l y ,  feed requirement 

q u a n t i t i e s  were a l s o  g i v e n .  These q u a n t i t i e s  mu l t ip l ied  by r e t a i l  l e v e l  

p r i c e s  a r e  shown i n  Column ( 2 )  of Table 5.6. To ta l  expendi ture is given 

i n  Column ( 3 ) ,  t h e  sum of food and feed expendi tures.  Committed expendi- 

t u r e s  were obta ined by t ak ing  c o e f f i c i e n t s  shown i n  Table 5.5 f o r  Canada 

and mul t ip ly ing by t o t a l  expendi tures f o r  each commodity. These esti- 

mates of committed expendi tures a r e  shown i n  Column ( 4 ) .  The expendi ture 



Table 5 . 3  Est imated C o e f f i c i e n t s  from Engel Curves, by Country f o r  Wheat 

Countr ies a i k. Equation Used 

Argentina 4 .14  -213.95 5 

Aust ra l ia  4 .40  -158.60 5 

Austr ia  5 .57  -0 .19  3 

B r a z i l  

Canada 

Egypt 

Indonesia 

Japan 

Kenya 

Mexico 

New Zealand 

N ige r ia  

Pakis tan 

z hail and 

EEC 

- - - - - - 

Source : IIASA E s t i m a t e s  



Table  5.4 Est imated C o e f f i c i e n t s  from Engel Curves, by Country f o r  Beef 

Coun t r ies  a i ki Equat ion Used 

Argent ina 97.00 0 4 

A u s t r a l i a  3.92 0.06 6 

Aus t r i a  0 .29 0.40 6 

B r a z i l  2.45 0.09 3 

Canada 

Egypt 

Indones ia  

Japan 

Kenya 

Mexico 

New Zealand 

N iger ia  

Pak is tan  

Tha i land 

EEC 3.77 285.50 8 

Source: IIASA Est imates.  



Table 5.5 Committed Quant i t ies Related to  Previous Year's Consumption, by 
Commodity and Country 

Coarse Other Protein Other Other Non 
Wheat Rice Grains Bovine Dairy Animal Feeds Food Ag. Ag. 

( Percent) 

Argentina 0.7 0.9 0.5 0.3 0.92 0.9 0.05 0.25 0.95 0 

Austral ia 0.7 0.9 0.5 0.65 0.95 0.85 0.90 0.65 0.40 0 

Austria 0.7 0.9 0.50 0.8 0.85 0.70 0.50 0.5 0.90 0 

Braz i l  0.7 0.9 0.50 0.9 0.95 0.85 0.5 0.95 0.5 0 

Canada 0.7 0.2 0.50 0.55 0.95 0.30 0.75 0.55 0.5 0 

Egypt 0.7 0.6 0.50 0.9 0.5 0.6 0.3 0.6 0.25 0.5 

Indonesia 0.3 0.5 0.5 0.7 0.9 0.9 0.9 0.7 0.15 0.5 

Japan 0.7 0.9 0.5 0.6 0.2 0.2 0 -5 0.5 0.5 0 

Kenya 0.7 0.9 0.5 0.6 0.3 0.9 0.95 0.70 0.90 0 

Mexico 0.7 0.9 0.5 0.9 0.9 0.6 0.5 .55 0.5 0 

N e w  
zealand 0.7 0.9 0.5 0.95 0.95 0.9 0.6 .85 0.5 0 

Nigeria 0.7 0.8 0.5 0.9 0.9 0.7 0.9 0.65 0.9 0.5 

Pakistan 0.8 0.7 0.5 0.5 0.6 0.9 0.8 0.7 0.7 0.5 

Thailand 0.6 0.7 0.5 0.9 0.9 0.5 0.9 0.3 0.5 0.5 

EEC 0.7 0.9 0.5 0.6 0.9 0.8 0.5 0.4 0.5 0 

Average 
Developed 0 .7 0.8 0.5 0.69 0.8 0.63 0.62 0.57 0.55 0 

Less 
Developed 0.7 0.8 0.5 0.7 0.8 0.8 0.6 0.6 0.7 0.3 

TOTAL 0.67 0.8 0.5 0.70 0.8 0.7 0.6 0.6 0.6 0.2 

Source: IIASA Estimates 
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share  i n  column ( 5 )  i s  t h e  t o t a l  expendi ture f o r  t h e  commodity d iv ided 

by t o t a l  consumer expendi tures.  From these  da ta ,  marginal budget 

shares  could be ca l cu la ted  f o r  each commodity using t h e  s p e c i f i c a t i o n  

shown in Equation ( 9 ) .  These va lues a r e  the  d i f f e rence  between t o t a l  

and committed expendi tures f o r  t he  commodity d iv ided by the t o t a l  con- 

sumer expendi tures minus committed expendi tures f o r  a l l  commodities. 

These marginal budget shares  a re  shown i n  Table 5.6. 

An Evaluat ion of  the Procedures and Resu l ts  

I n i t i a l  r e s u l t s  obta ined a t  IIASA us ing the  complete l i n e a r  

expendi ture system gave " u n r e a l i s t i c  resu l ts "and ,  t he re fo re ,  a more - ad 

hot approach was used. Ag r i cu l t u ra l  commodity q u a n t i t i e s  were obtained - 

from Engel curves, minimum requ i red  q u a n t i t i e s  a r e  spec i f i ed ,  and margin- 

a l  budget shares  determined. This procedure generates incons is tenc ies  

between the  two es t imat ion  techniques i n  add i t i on  t o  t h e  l e s s  e f f i c i e n t  

es t imates  from s i n g l e  equat ions.  

The choice of l i n e a r  expendi ture system may not be t h e  most 

appropr ia te .  Th is  procedure assumes t h a t  a l l  goods a r e  gross compli- 

ments (uncompensated cross-pr ice e l a s t i c i t y  of demand is negat ive) .  For 

h igh ly  disaggregated non-agr icu l tura l  commodities, such an assumption is 

u n r e a l i s t i c  (Hassan and Johnson, 1976).  

The da ta  used a r e  from a s i n g l e  and c o n s i s t e n t  source. I t  is 

not  c l e a r  whether t hese  commodity da ta  a r e  s p e c i f i e d  on a crop o r  

ca lendar  year b a s i s  and how t h e  north-southern hemisphere d a t a  a re  

a l igned.  There were no d i r e c t  observat ions of r e t a i l  p r i c e s  t o  use 



i n  t h e  demand equa t i ons ,  and t hese  va lues  were generated from farm p r i c e s  

and a s i n g l e  e s t i m a t e  of value-added. These margins i n c r e a s e  a s  non- 

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

accuracy and whether t h e  es t ima tes  of value-added has changed through 

t i m e  a s  p ro jec ted .  

The l i n e a r  expend i tu re  system f o r  t h e  a g r i c u l t u r e  and non- 

a g r i c u l t u r e  s e c t o r s  produced t h e  marginal  budget sha res  f o r  a g r i c u l t u r e  

f o r  Canada of 0.02, near  t h e  low p o i n t  i n  t h e  range f o r  t h e  developed 

c o u n t r i e s  of 0.018 ( A u s t r a l i a )  t o  0.0472 ( A u s t r i a ) .  For developing 

c o u n t r i e s ,  t h e s e  marginal  budget shares  a r e  g e n e r a l l y  l a r g e r ,  as  expect- 

ed,  and range from a low of 0.011 ( B r a z i l )  t o  0.367 (Kenya). 

I n  6 o f  t h e  15 c o u n t r i e s  i nc l ud i ng  Canada, t h e  "dynamic" l i n e a r  

expend i tu re  system is reduced t o  a normal s t a t i c  model s i n c e  t h e  h a b i t  

p e r s i s t e n c e  parameter is zero.  For t h e  non-agr i cu l tu ra l  s e c t o r ,  i n  seven 

a d d i t i o n a l  c o u n t r i e s ,  t h i s  parameter  is set a t  e i t h e r  0.5 o r  1. Thus, 

on l y  5 c o u n t r i e s  appear t o  have econometr ic  es t ima tes  f o r  t h i s  para- 

meter .  

I n  Canada, l i k e  most coun t r i es ,  t h e  committed q u a n t i t i e s  f o r  

a g r i c u l t u r a l  commodities were a high percen tage  of t o a l  commodity con- 

sumption (Tab le  5 .5 )  . Except ions to t h i s ,  f o r  Canada, were f o r  r i c e  

( 0 .2 )  and o t h e r  animals p roduc ts  ( 0 . 3 ) .  For Canada, and many o t h e r  

c o u n t r i e s  t h e  committed q u a n t i t y  f o r  t h e  non-agr i cu l tu ra l  demand, w a s  

zero.  

From the two s e c t o r  m d e l  t h e  income e l a s t i c i t i e s  f o r  ag r i cu l -  

ture, f o r  Canada, was 0.224. Th is  was i n  t h e  middle of t h e  range 



f o r  developed coun t r i es ,  rang ing from 0.169 f o r  A u s t r a l i a  to 0.286 f o r  

Aus t r i a .  For developing c o u n t r i e s ,  t h e  range was 0.036 ( B r a z i l )  t o  0.877 

(Kenya) . For Canada and o t h e r  developed and developing coun t r i es ,  t hese  

es t ima tes  appear very  low i n  comparison w i th  r e s u l t s  from o t h e r  s t u d i e s .  

Almost one-half  of t h e  count ry  es t ima tes  a r e  below 0.20. 

Resu l t s  of t h e  Engel curve es t ima tes  f o r  t h e  n ine  a g r i c u l t u r a l  

commodities i n d i c a t e  a  number o f  problems f o r  i nd i v i dua l  coun t r i es .  

Wheat e l a s t i c i t i e s  appear low f o r  Canada (0.051, and a l s o  f o r  Egypt 

(0 .11)  and h igh f o r  Tha i land  (1 .47 ) .  There a r e  a l s o  s i g n  problems f o r  

Aus t r i a ,  Argent ina,  A u s t r a l i a ,  New Zealand and t h e  EEC. For r i c e ,  t h e  

income e l s t i c i t y  appears  h igh  Canada f o r  ( .87 )  and a l s o  f o r  Argent ina 

( 1.02) , Kenya (1 .19)  and N ige r i a  (1 .34)  . I t  is nega t i ve  f o r  Japan and 

B r a z i l .  For d a i r y ,  t h e  income e l a s t i c i t y  is nega t i ve  f o r  A u s t r a l i a ,  

Canada and t h e  EEC and low f o r  B r a z i l  (0.6 ) and Tha i land  ( 0  ) . For non- 

food a g r i c u l t u r e ,  va l ues  a r e  nega t i ve  f o r  Canada and a l s o  f o r  Aus t r i a ,  

B r a z i l ,  Mexico and t h e  EEC. 

While t h e  minimurn r equ i r ed  q u a n t i t i e s  were e s t a b l i s h e d  judgment- 

a l l y ,  some unexpected r e s u l t s  were obta ined.  F i r s t ,  a  p r i o r i ,  one would 

expec t  those  commodities w i t h  t h e  h i ghes t  p r i c e  and income e l a s t i c i t i e s  

t o  have t h e  lowest  committed demand. For example, t h e  committed demand 

f o r  g ra i ns  shou ld  be h igher  than  l i v e s t o c k .  Secondly, t h e r e  shou ld  be a  

s t r o n g  r e l a t i o n s h i p  between those  es t ima tes  ob ta ined  f o r  t h e  non-agricul- 

t u r a l  s e c t o r  (Tab le  5 .1 )  and t h e  ones shown i n  Tab le  5.5. Committed 

demands a r e  expected t o  be h ighe r  f o r  developing than  f o r  developed 

c o u n t r i e s .  Not a l l  of t h e  r e s u l t s  appear t o  be c o n s i s t e n t  wi th t hese  



expectations. For example, i n  Canada committed demand for  beef is higher 

than r ice ,  grains and other agr icul ture.  It i s  very high fo r  dairy ( .95)  

and protein feeds (-751,  f o r  non-agriculture, it is zero. These est i -  

mates are s imi lar  t o  theose for  other developed countr ies, except tha t  

other animal and r i ce  values are  much lower. 

There appear to be major discrepancies between committed quanti- 

t i e s  for non agr icul ture between Table 5.1 and Table 5.5. In Table 5.5 

f i ve  countr ies have a committed demand of 0 .5, and for  all other 

countr ies it is zero. In Table 5.1, the 0.5 est imate appears reasonably 

c lose for Nigeria, Egypt, and the zero estimate is close for  Argentina, 

Austral ia, Brazi l .  For a l l  other countr ies, however, these estimates 

bear l i t t l e  re lat ionship.  There appears to  be, on average, a consistency 

by committed quanti ty est imates for  developed and developing countries. 

I n  m o s t  cases, the percentages for  the groups are  ident ica l  or  close. 

For only three commodities is the developed country committed percentage 

below those of the developing countr ies - other animal products, other 

agr icul ture,  and non-agriculture. The marginal budget shares estimated 

from equation ( 9 )  and reported in  Table 5.6 d i f f e r  from those estimated 

using the l inear expenditure system and reported in  Table 5.2. 

The income e l a s t i c i t i e s  estimated in  equation 10 and reported in  

Table 5.7 have values, for  Canada, which appear low for  meats and protein 

products and high for  grains. Price e l a s t i c i t i e s  reported i n  Table 5.7 

S )  This is consistent  with K.  Saskai (1982) f o r  estimates of 1958-77 

where he notes an income e l a s t i c i t y  of -1.044 (Table 5.7, p. 13 ) .  





appear  reasonable  i n  comparison wi th  o t h e r  s t u d i e s  i n  Canada. Cross 

p r i c e  e l a s t i c i t i e s  have va lues  which a r e  smal l  and most a r e  approximately 

ze ro .  Th is  imp l ies  t h e r e  is  l i t t l e  s u b s t i t u t i o n  among commodities i n  

demand. These i n i t i a l  r e s u l t s  of t h e  Canadian component would suggest  

t h a t  some re f inements  a r e  needed be fo re  these  demand c o e f f i c i e n t s  may be 

used f o r  po l i c y  a n a l y s i s .  



6.  CANADIAN/WORLD PRICE LINKAGES 

Of c r i t i c a l  importance i n  FAP's model system is t h e  l i n k  

between domestic p r i c e s  of a count ry  and those of t h e  i n t e r n a t i o n a l  

market. I n t e r n a t i o n a l  p r i c e  l i nkages  a r e  of p a r t i c u l a r  importance f o r  

t r a d e d  goods but  is a l s o  impor tant  to t h e  world m d e l  even i f  a coun- 

t r y  is s e l f - s u f f i c i e n t .  I n  a t tempt ing  to s tudy  t h e s e  l i n kages  f o r  our 

s i t u a t i o n  some p re l im inary  ana l yses  a r e  r epo r t ed .  

we have concen t ra ted  on p roduc ts  t h a t  may be i d e n t i f i e d  and 

have sh ied  away from t a c k l i n g  problems a s s o c i a t e d  w i th  aggregated com- 

mod i t i es ;  f o r  example, t h e  o t h e r  foods,  nonfood a g r i c u l t u r e  o r  nonagri-  

c u l t u r a l  commodity c a t e g o r i e s .  Given some of t h e  d i f f i c u l t i e s  encount- 

e red  it may be e a s i e r  t o  a t tempt  l i n k i n g  p r i c e s  a t  t h e  19-commodity 

l e v e l  r a t h e r  than  a t  t h e  10-commodity l e v e l .  

A t  t h e  19 commodity l e v e l  of aggrega t ion  p roduc ts  are mre 

homogeneous and s i n c e  domest ic  p r i c e  p o l i c i e s  o r  o t h e r  po l i c y  measures 

a r e  o f t en  implemented a t  a commodity-specif ic l e v e l  t hese  can be mre 

a c c u r a t e l y  s p e c i f i e d .  Hence, as a s t a r t i n g  p o i n t  i n  a t tempt ing  to ex- 

p l a i n  p r i c e  l i n kages  over  t h e  pe r i od  1961 t o  1976 d isaggrega ted  com- 

modity l e v e l s  may be more app rop r i a t e .  I t  w i l l  a l s o  be use fu l  to 

s tudy  t h e  la t ter  p a r t  of t h i s  pe r iod  because commodity p r i c e s  i n  t h e  

1970 's  were more v o l a t i l e  t han  dur ing  t h e  1960 's .  I n  t h e  e a r l y  1970 's  

when t h e  wor ld 's  s t o c k s  of wheat and feed g ra i ns  were drawn down dram- 

at i c  p r i c e  i nc reases  occur red  and t hese  were fol lowed a l s o  by sharp  

i n c r e a s e s  i n  l i v e s t o c k  p r i c e s .  P r i c e  i nc reases  va r i ed  from count ry  to 

coun t ry  depending on t h e  market f o r c e s  and depending on t h e  degree of 



market  i n t e r v e n t i o n  by governments. I t  is t h e s e  mvements  t h a t  need to 

b e  understood and cap tu red  i n  t h e  work. An a c c u r a t e  d e s c r i p t i o n  of p a s t  

t r a d e  p r a c t i c e s  is p r t i c u l a r l y  impor tant  i f  t r a d e  p o l i c i e s  a r e  to be 

endogenized and i f  r e l i a b l e  f o r e c a s t s  i n t o  t h e  f u t u r e  a r e  t o  be made. 

A s  a s t a r t i n g  p o i n t ,  it may a l s o  be u s e f u l  t o  rev iew some of 

Canada's t r a d i n g  p r a c t i c e s .  T h i s  r e q u i r e s  t h a t  Canada's p o s i t i o n  i n  

GATT (Genera l  Agreement on T a r i f f s  and Trade)  n e g o t i a t i o n s  be u n d e r  

s tood .  The r e s u l t s  of t h e  "Tokyo Round" of m u l t i l a t e r a l  t r a d e  negot ia-  

t i o n s  have a l s o  been announced and t h e r e f o r e ,  o v e r  t h e  f o r e c a s t  p e r i o d  

it w i l l  be necessary  t o  a t t e m p t  t o  i n c o r p o r a t e  some of t h e s e  t a r i f f  

changes a s  they  become implemented. Our a n a l y s i s  d e a l s  mainly w i th  t h e  

p e r i o d  1961 to 1976 and t h e r e f o r e  t h e  o l d  r u l e s  app ly ,  bu t  it shou ld  

a l s o  be noted t h a t  th rough t h i s  p e r i o d  changes i n  t a r i f f s ,  quo tas ,  and 

s o  f o r t h ,  a l s o  took p l a c e  and t h e s e  changes cannot  be ignored.  

Canada's A g r i c u l t u r a l  Trade 

Over t h e  p e r i o d  1960 t o  1970 t h e  v a l u e  of a g r i c u l t u r a l  ex- 

p o r t s  averaged $2.45 b i l l i o n ,  The a g r i c u l t u r a l  s h a r e  of t o t a l  e x p o r t s  

averaged 10.7 p e r c e n t .  A g r i c u l t u r a l  impor ts  averaged $1.79 b i l l i o n ,  

r e p r e s e n t i n g  8 .6  p e r c e n t  of  t h e  t o t a l  va lue  of a l l  impor ts .  For 1981 a l l  

e x p o r t s  w e r e  va lued  a t  $81.23 b i l l i o n ,  a g r i c u l t u r e ' s  s h a r e  was $8.8 

b i l l i o n .  Imports f o r  t h a t  y e a r  were $78.88 b i l l i o n  w i th  a g r i c u l t u r e  

impor ts  be ing $5.61 b i l l i o n .  Over t h e  p e r i o d  1970 t o  1981 a g r i c u l t u r a l  

e x p o r t s  i n c r e a s e d  from $1.7 b i l l i o n  t o  $8.8 b i l l i o n ,  a compounded growth 

r a t e  of  15 p e r c e n t  ( L i n  & Labrosse,  1980) .  



Grains  have dominated our expor t  market, wh i le  vege tab les ,  

f r u i t s  and impor ts  of t e a  and co f f ee  (main i tem under o t h e r  a g r i c u l t u r a l  

p roduc t s )  rep resen ted  t h e  major ca tegory  imported i tems  (Tab le  6 . 1 ) .  

Over the  pe r i od  1970 t o  1979, expo r t s  of g r a i n s ,  animal f eeds ,  o i l s e e d s ,  

l i v e  animals and o t h e r  animal  p roduc ts  have inc reased  whi le  imports of 

f r u i t s  and nu t s ,  vege tab les  and t e a  and c o f f e e  have a l s o  inc reased .  

Tab le  6 .1  A g r i c u l t u r a l  Commodity Imports and Expor ts  by Commodity 
Group, 1979 

Expor ts  Impor ts  N e t  
( B i l l i o n  $ ) 

Grain  & g r a i n  p roduc ts  50 5 4 5 
Animal f eeds  3 1 2 
Oi lseeds  and p roduc ts  16 10 6 
Animals l i v e ,  meats 

and o t h e r  p roduc ts  18 16 2 
Dai ry  p roduc ts  2 2 - 
Pou l t r y  & eggs - 2 -2  
F r u i t s  & nu t s  1 2 1 -2  0 
Vegetab les  & p o t a t o e  seeds  4 12 0 8 
Other a g r i c .  p roduc ts  6 3 1 -25 

TOTAL VALUE 6 5 1 

The FAP t r a d i n g  l is t  is f a i r l y  compat ib le  w i th  t h e  aggrega- 

t i o n  o f  commodities shown i n  Tab le  6.1. One no tes  t r a d i n g  p a t t e r n s  f o r  

i n d i v i d u a l  commodities t h a t  d i f f e r  from t h e  aggregate .  These n e t  t r a d e  

p o s i t i o n s  r e s u l t  no t  on l y  from supply/demand r e l a t i o n s h i p s  bu t  a l s o  from 

p o l i c i e s  and programs t h a t  a f f e c t  t hese  ba lances.  



Canada is i n  an expor ter  pos i t ion  f o r  wheat and o the r  ce rea l s  

al though smal l  q u a n t i t i e s  of U.S. corn a r e  imported, r i c e  is imported, 

o i l s e e d s  and o i l seed  products a r e  exported al though soybeans and soymeal 

a r e  imported. For t h e  bovine and ovine meats category t h e  s i t u a t i o n  

v a r i e s  depending on t h e  re la t i onsh ip  between Canadian and U . S. pr i ces .  

Trade va r i es  s i g n i f i c a n t l y  depending on whether l i v e  o r  carcass  form is 

being considered and, w i th in  carcass  form, by c u t  of meat. Canadian 

expor ts  of da i r y  products  a r e  mainly skim milk powder, evaporated whole 

milk o r  some cheddar cheeses, whereas imports tend t o  be spec ia l t y  

cheeses. A cheese import quota of 45 m i l l i o n  pounds p resen t l y  e x i s t s .  

FAP's o ther  animal products  category inc ludes pork, pou l t ry  and eggs and 

f i s h e r y  products.  F ish products a r e  exported, our t r ade  i n  poul t ry  and 

eggs is genera l l y  neg l i g i b l e  although imports w i l l  take  p lace  when 

market shor tages e x i s t ,  and i n  c e r t a i n  ins tances  breaker eggs w i l l  be 

exported. The main i tems f a l l i n g  i n t o  p ro te in  feeds inc lude rapeseed 

meal, soybean meal, meat meal and f i s h  meal. Again, a gene ra l i za t i on  is 

d i f f i c u l t .  Meilke ( e t  a l . )  r epo r t s  t h a t  dur ing t h e  1970's domestic 

demand f o r  soybean meal expanded more rap id l y  than  supply and conse- 

quent ly  imports grew rap id l y  from around 100 thousand metr ic  tons i n  

1970 t o  364 thousand m. t ons  i n  1978. On the  o the r  hand, t h e  acreage 

p lan ted  t o  rapeseed and soybeans has grown s u b s t a n t i a l l y  over t h e  per iod 

and expor ts  of rapeseed meal and o i l  a r e  important (Kulshreshtha, - e t  

a l . ,  1979).  I tems f a l l i n g  i n t o  t h e  o ther  food category include o i l s  - 
and f a t s ,  sugar products ,  vegetables,  f r u i t s  and nuts ,  co f fee ,  cocoa 

and t e a  and a l coho l i c  beverages -- i n  balance, Canada is a ne t  



importer of t hese  i tems. The f i n a l  category "non-food ag r i cu l t u re "  

includes c lo th ing  and f i b r e s ,  h ides and wool and i n d u s t r i a l  crops; a s  

ind ica ted  i n  Table 6 . 2  Canada is a n e t  importer i n  t h i s  category.  

McSorley (1979) has provided a more d e t a i l e d  breakdown of these t rade  

s t a t i s t i c s .  To summarize, and recogniz ing t h a t  the  s i t u a t i o n  w i l l  vary 

over time, Canada's lead ing  expor ts  a r e  wheat, bar ley ,  rapeseed, l i v e  

c a t t l e  and f u r s ,  h ides  and sk ins .  F r u i t s  and nu ts  and p l a n t a t i o n  crops 

( t e a  and c o f f e e ) ,  vegetab les  and sugar a r e  t h e  major imports. Also 

imported a r e  meats and o i l s e e d  products.  

Th is  very b r i e f  review al lows one to focus on l inkages bet- 

ween Canada and her t r ad ing  pa r tne rs .  Since Canada is a major expor te r  

of g ra in  and s ince  t h i s  commodity is p a r t i c u l a r l y  important to her  

a g r i c u l t u r a l  s e c t o r ,  t h e  l i n k  between domestic p r i c e s  and i n t e r n a t i o n a l  

p r i c e s  is extremely important.  

T a r i f f s  and Quotas 

Not only is it important t o  i d e n t i f y  d i r e c t i o n s  of t r a d e  

f lows, bu t  it is a l s o  important t o  be ab le  t o  document t a r i f f s  and non- 

t a r i f f  barriers t h a t  e x i s t  between coun t r i es  f o r  p a r t i c u l a r  products.  

An aggregat ion of t hese  t a r i f f s  t o  t h e  requi red 10-commodity l e v e l  is 

expected to  be d i f f i c u l t .  Some d e t a i l s  of t h e  type of t a r i f f s  and 

quotas cu r ren t l y  e x i s t i n g  between Canada and o the r  count r ies  has been 

provided by Lohoar (1979) .  To i l l u s t r a t e ,  a few examples.are chosen: 

. Canada al lows imports of wheat, bar ley  and o a t s  only under a 

l i c e n s e  from the  Canadian Wheat Board, 



Table  6.2 Expor ts  and Imports of Ag r i cu l t u ra l  P roduc ts  by 
Category, 1976 t o  1978 

Exports Imports 
1976 1977 19/78 1976 1977 1978 

(1000 m . t )  

G ra ins :  net*  
Wheat 
Wheat f l o u r  
Bar ley  
Corn 

O i l seeds :  n e t  
f l a xseed  
soybeans 

Oi lseed p roduc ts :  n e t  380 219 2 47 
rapeseed meal + o i l  177 301 325 
o i l s  186 14 7 14 2 
o i l c a k e s  + meal 351 354 414 

Meats: n e t  
beef and v e a l  
pork 
Mutton + lamb 

Dairy prod. : n e t  
cheese 
skim milk powder 

F r u i t s  and n u t s :  n e t  1,377 1,350 1,339 

Vegetables : n e t  687 645 707 

Other  products :  
p o t a t o e s  
sugar  
c o f f e e  
tobacco 
wool 

*The n e t  p o s i t i o n  i nc l udes  i tems no t  shown i n  t h i s  t a b l e  



. Canada c u r r e n t l y  h a s  a t a r i f f  of 1 c e n t  a pound on l i v e  

c a t t l e  wh i le  t h a t  of  e x p o r t s  t o  t h e  US i s  approx imate ly  2 

c e n t s ,  

. US and Canadian t a r i f f s  on f r e s h ,  c h i l l e d  o r  f rozen  beef 

and v e a l  a r e  c u r r e n t l y  2 c e n t s  a pound, 

. There a r e  US t a r i f f s  on unboned, uncooked pork packed i n  

a i r t i g h t  c a r t o n s  of 2 c e n t s  a pound, and t h e  US has 

t a r i f f s  on cheddar cheeses of 15 t o  12 p e r c e n t ,  

. Canada c u r r e n t l y  has a t a r i f f  on corn  impor ts  of 6.5 c e n t s  

a bushe l  ( d e c l i n i n g  to  5 c e n t s  i n  1987) and 6.5 c e n t s  a 

b u s h e l  on ma l t i ng  b a r l e y ,  

. Canada has  a t a r i f f  on seed  and t a b l e  p o t a t o e s  c u r r e n t l y  

s e t  a t  36.2  c e n t s  p e r  100 pounds. 

These t a r i f f s  a r e  o f t e n  c o u n t r y - s p e c i f i c  and they  o f t e n  vary  depending 

o n  whether some b i l a t e r a l  o r  m u l t i l a t e r a l  agreement is i n  e f f e c t .  

These c o n s i d e r a t i o n s  a r e  impor tan t  i n  our  a t t e m p t  to  l i n k  Canadian 

commodity p r i c e s  w i th  t h o s e  of t r a d i n g  p a r t n e r s  or to  t h e  i n t e r n a t i o n -  

a l  market.  

A s  a s t a r t i n g  p o i n t  i n  t h i s  a n a l y s i s ,  and a f t e r  a l l ow ing  f o r  

exchange r a t e s  and t r a n s p o r t  c o s t s ,  it is conven ient  t o  c o n s i d e r  a 

s imp le  p r i c e  l i nkage  equa t ion :  

PDi = a i  + bi PWi 

where 

PDi is  t h e  domest ic  p r i c e  of commodity i, 



PWi the world pr ice expressed in  domestic currency, and 

a i  and bi represent policy parameters. 

I n  a f ree market s i tuat ion where the world pr ice and domestic pr ices 

are equal, ai = 0 and bi = 1. If ai = 0 and bi > 1 an ad 

valorem equivalent t a r i f f  is  appl icable, and i f  a i  > 0 and bi = 1 

then an absolute or spec i f ic  t a r i f f  equivalent is in  e f fec t .  

Zwart and Meilke (1979) have argued tha t  the levels of a i  

and bi change over time as world pr ice levels and domestic economic 

conditions vary. Therefore ai and bi measures the net impact of a 

combination of instruments which are used to r e l a te  domestic pr ices to 

world prices through domestic pr ic ing po l ic ies .  Bredahl, Meyers and 

Col l ins (1979) used a s imi lar  approach in  estimating a pr ice trans- 

mission equation i n  which domestic pr ice is a function of world pr ice,  

the exchange ra te  and other variables that  are hypothesized to explain 

the policy variables. The coef f ic ient  of the world pr ice variable is 

a measure of the extent to  which var iat ions i n  world market pr ices a re  

transmitted to  the domestic pr ice.  Other arguments allow for  changes 

through time i n  the s ize  of the pr ice transmission coef f ic ient .  

Thompson (1981) has noted tha t  there is  debate in the l i t e ra tu re  as to 

whether the exchange ra te  i t s e l f  should be handled in a mult ip l icat ive 

fashion or as a separate variable. He reports that  various authors 

have provided empirical evidence to show tha t  changes in  the exchange 

r a t e  have proportionately a greater e f fec t  on exports than the same 

percentage change i n  world pr ices change in  world pr ices when the 

country i s  large enough to  influence internat ional  pr ices.  This ought 



not be a major problem in  Canada's case. 

The work t h a t  follows indicates some i n i t i a l  observations 

t h a t  may be made regarding pr ice  linkages. We report  on these prelim- 

inary resu l t s  rea l i z ing  t h a t  fu r the r  explanations a re  required and t h a t  

these can only be provided by a more thorough invest igat ion of the  pro- 

blem. In Table 6.3 various se r ies  on wheat pr ices  a re  reported. The 

world wheat pr ice  is on a calendar year basis ( i n  US $ ) .  This se r i es  

is  compatible with pr ices  reported on a crop-year basis. An "export 

pr ice"  fo r  both the US and Canada was selected.  The Canadian Wheat 

Board se l l i ng  p r i ce  quotat ion is used as  t h i s  measure although t h i s  

se r i es  does not correspond t o  the t ransact ions pr ice. The "pool pr ice" 

f o r  wheat is a weighted average pr ice  for  a l l  export and domestic sa les  

handled by the Board. The "farm pr ice"  of wheat is a weighted pr ice  

representing sa les  passing through the Canadian Wheat Board and those 

not passing through t he i r  contro l ,  i . e .  "off-board" sa les .  Since 

p r i ces  were re la t i ve ly  s tab le  before 1972, Table 6.3 presents these 

se r i es  fo r  the  period 1970 t o  1976 only. These pr ices moved together 

but during the  downward pr ice  movement a f t e r  1974 t he  reported world 

p r i ce  se r i es  lagged. The FAP world p r i ce  se r i es  has not been updated 

beyond 1976 and therefore we a re  unable t o  examine these se r i es  over 

a longer period when pr ices  f e l l  qu i te  rapidly a f t e r  1976 and then 

recovered. These pr ice  movements and t h e i r  lags,  i f  any, must be 

captured i n  the p r i ce  transmission equations i f  the  object ives of t h i s  

study a re  t o  be accomplished. 



Table 6.3 Reported average wheat p r i c e s  

US #2 1CWRS(13.5%) 
World* World Hard Winter CWB S e l l i n g  Pool  Farm 
Wheat Wheat Ord. p r o t .  Quota t ions P r i c e  P r i c e  
P r i c e  P r i c e  ( FOB Gulf ( Thunder 

P o r t s )  Bay 

(C.$ m. t o n )  

* Calendar Year - a l l  o t h e r  p r i c e  s e r i e s  are f o r  c rop year .  

Over t h e  pe r i od  1970 t o  1975 t h e  r e l a t i o n s h i p s  between t h e  world 

p r i c e  of wheat and t h a t  of Canadian p r i c e s  is shown i n  Tab le  6.4. The 

c o e f f i c i e n t  of 1.09 between t h e  Canadian expor t  p r i c e  and world wheat 

p r i c e  i n d i c a t e s  t h a t  f o r  a $ 1  change i n  world p r i c e s  t h e r e  w i l l  be a 

$1.09 change i n  domestic p r i c e s .  Qua l i t y  d i f f e r e n c e s  cou ld  exp la i n  why 

t h i s  c o e f f i c i e n t  is g r e a t e r  than  one. The c o e f f i c i e n t  of 1.34 f o r  t h e  

poo l  p r i c e  of wheat appears  h igh  bu t ,  i n  gene ra l ,  t hese  r e l a t i o n s h i p s  a r e  

f a i r l y  s a t i s f a c t o r y  and may, t h e r e f o r e ,  be used i n  t h e  l i n ked  runs.  

I n  Tab le  6.4 2 s e t s  of r e s u l t s  a r e  repor ted .  The f i r s t  set 

covers  t h e  pe r i od  1970 t o  1976. The robus tness  of t h e  r e s u l t s  over t h e s e  

two sample pe r i ods  is examined. Over t h e  longer  pe r iod ,  1961 t o  1975, 

t h e  c o e f f i c i e n t  f o r  t h e  farm p r i c e  of wheat (1 .02)  remains r e l a t i v e l y  



Table 6.4 Re la t i onsh ip  between wor ld wheat p r i c e  and Canadian 
wheat p r i c e s ,  1970 t o  1975 

Dependent 
Var iab le  

World 
Constant  P r i c e  R D.W. 

1. CWB expo r t  pr iCe -14.3 
( Thunder Bay (18 .6 )  

2. CWB pool  p r i c e  -25.5 
(24.2)  

3. Farm p r i c e  -22.54 
(22.75) 

4. U . S .  No. 2 -14.8 
(10.2)  

s t a b l e .  P r i c e  l i n kage  equa t ions  f o r  wheat , coarse  g ra i n ,  p r o t e i n  feeds ,  

bee f ,  d a i r y  and pork and p o u l t r y  a r e  a l s o  p resen ted .  For wheat and 

coa rse  g ra i ns  t h i s  s imple p r i c e  t ransmiss ions  equa t ion  appears  s a t i s f a c -  

t o r y  and s t a b l e ,  f o r  p r o t e i n  feeds  t h e  c o e f f i c i e n t  over  t h e  longer  pe r iod  

i s  1.15, over  t h e  s h o r t e r  pe r i od  1.39. A $ 1  change i n  world p r i c e s  of 

beef r e s u l t s  i n  a change of $0.73 i n  Canadian farm p r i c e s .  Canadian farm 

p r i c e s  f o r  beef (Tab le  6 .6)  changed from $780/mt i n  1961 t o  $1364/mt i n  

1976, whereas world p r i c e s  ove r  t h e  same p e r i o d  moved from $526/mt to 

$1476 me t r i c  ton.  It is expected t h a t  t h e  c o e f f i c i e n t  r e l a t i n g  t hese  two 

s e r i e s  would be c l o s e r  to 1. 

Changes i n  farm p r i c e s  over  t h e  observa t ion  per iod  f o r  d a i r y  

p roduc ts  and pork and p o u l t r y  p r i c e s  a r e  a l s o  p resen ted  i n  Table 6.6.  

Canadian farm p r i c e s  f o r  d a i r y  p roduc ts  roved from $76 ( p e r  m. t o n )  t o  

$242, world p r i c e s  from $132 t o  $219. The r e s u l t i n g  c o e f f i c i e n t  is 1.57, 



T a b l e  6.5 R e l a t i o n s h i p  between wor ld  and domes t i c  p r i c e s  

C o n s t a n t  World P r i c e  R DW 

Wheat 

Coarse  G r a i n s  1. -22.47 1.18 0.96 1.29 
( 5 . 7 9 )  (0 .06 )  

2. -31.93 1.26 0.96 1.60 
(13 .88)  (0 .13 )  

P r o t .  Feed 

Pork  1. 926.13 1.11 0.92 1 .43  
(629.08)  (0 .08 )  

2. -2097.12 1 . 4 1  0.95 2.55 
(1207.39)  (0 .13 )  

I 

P o u l t r y  1. 1742.35 0.50 0.86 0.03 
(384.00)  (0 .05 )  

2. -156.76 0.69 0.92 1 .95  

Beef 

D a i r y  

Pork and  P o u l t r y  1. 1152.63 1 . 0 1  0.93 1.32 
(565 .88 )  ( 0 . 0 7 )  

2. 1641.59 1 .28  0.96 2.29 
(1071.33)  (0 .11)  

Note: 1. 1961-76 p e r i o d  f o r  e s t i m a t i o n .  

2. 1970-76 p e r i o d  f o r  e s t i m a t i o n .  



probably a resu l t  of the emerging administered pricing regime i n  Canada 

coupled with import quotas. 

Table 6.6 Canadian Farm Pr ices versus World Raw Material Level 
Prices f o r  Livestock Products - 1961 to  1976 

Beef Dairy Pork and Poultry 
Farm World Farm World Farm World 

Pr ice Pr ice Pr ice Pr ice Pr ice Pr ice 
( C .  $/m. ton) 

Pork and poultry a re  aggregated i n  the FAP model, and a resul t ing 

world pr ice for  t h i s  commodity reported. The coef f ic ient  re la t ing  world 

pr ices t o  Canadian pr ices of pork and poultry averaged 1.01 over the long 

period and 1.28 f o r  the period 1970 t o  1976. In Table 6.5 resu l t s  for  

pork and poultry disaggregated are also shown. Poultry pr ices over the 

more recent period are  policy determined, in a fashion s imi lar  to dairy 

products, and for  t h i s  reason may vary independently of tha t  fo r  world 

pr ices.  Pork is a commodity f ree ly  traded and the resu l tant  pr ice is 



dependent upon US/Canadian supply/demand re la t i onsh ips .  The c o e f f i c i e n t  

of  1.41 f o r  t h e  1970-1976 per iod  versus t h a t  of 1.11 f o r  t h e  e n t i r e  

observat ion per iod requ i res  f u r t h e r  i nves t i ga t i on .  

These r e s u l t s  may be regarded as  po in t  of depar tu re  f o r  f u r t h e r  

ana l ys i s .  It is genera l l y  assumed t h a t  when t r a d e  takes  p lace  a per fec t -  

l y  homogeneous product is t raded.  It is w e l l  known t h a t  even f o r  a 

commodity l i k e  wheat t h e r e  a r e  many d i f f e r e n t  grade, each with i t s  own 

p r i n c i p a l  use and genera l l y  they a r e  not p e r f e c t  s u b t i t u t e s  f o r  one 

another.  Also, b i l a t e r a l  o r  m u l t i l a t e r a l  t r a d e  agreements e x i s t  and 

repor ted  p r i ces  may not r e f l e c t  these  agreements. Countr ies w i l l  d i f f e r -  

e n t i a t e  between t h e i r  t r ad ing  pa r tne rs  on p o l i t i c a l  o r  h i s t o r i c a l  grounds 

and these  p r a c t i c e s  a l s o  r e s u l t  i n  p r i c e s  d i f f e r e n t  t o  world p r i ces .  

Another important cons idera t ion  concerns t h e  harves t ing  and marketing 

seasons of t h e  Northern and Southern hemispheres which r e s u l t s  i n  flows 

being of a seasonal  na tu re .  Binkley and Revel t  (1981) note t h a t  i n  

t r anspo r ta t i on  c o s t s  cannot and should not be t r e a t e d  a s  a simple con- 

s t a n t .  They g ive  examples i l l u s t r a t i n g  the  v a r i a b i l i t y  i n  t r anspo r ta t i on  

r a t e s  t h a t  can be found. A more d e t a i l e d  ana l ys i s  at tempt ing to l i n k  

domestic and world p r i c e s  would examine some of these  i ssues ,  toge ther  

wi th o the rs ,  and thereby exp la in  some of t he  d isc repanc ies  repor ted i n  

t h i s  work. 



7. SUMMARY AND CONCLUSIONS 

The Food and Agr icu l tu re  Program (FAP) has as  i t s  ob jec t i ve  an 

eva lua t ion  of t he  na tu re  and dimensions of t h e  world food s i t u a t i o n  over 

t h e  next 10 t o  15 years .  I t  aims to i d e n t i f y  f a c t o r s  a f f e c t i n g  t he  world 

food s i t u a t i o n  by s tudy ing the  growth processes of d i f f e r e n t  count r ies  

and how na t i ona l  and i n t e r n a t i o n a l  p o l i c i e s  of both developed and 

developing nat ions impact on t h e  s i t u a t i o n .  The research s t r a t e g y  is  to 

develop economic models of d i f f e r e n t  count r ies ,  t o  l i nk  these  through 

i n t e r n a t i o n a l  t r a d e  and then t o  study t h e i r  economies and growth process- 

es .  Canada is p a r t i c i p a t i n g  i n  t h i s  s tudy and t h i s  repor t  d e t a i l s  

developmental e f f o r t s  of a Canadian model. 

I t  is  noted t h a t  na t i ona l  p o l i c i e s  a s  implemented by governments 

a r e  of c r i t i c a l  importance i f  one is to accu ra te l y  understand agr icu l -  

t u r a l  and non-agr icu l tura l  economic development process of a country.  

Furthermore, over a 10 t o  15 year  f o r e c a s t  hor izon it is  usefu l  to 

at tempt  t o  endogenize po l i cy  ac t i ons  such t h a t  t h e  d i r e c t i o n s  of econmic  

growth may be s tud ied  on an ex a n t e  bas is .  I t  is, of course,  impossible 

t o  incorporate a l l  domestic p o l i c i e s  a s  they have been implemented, but  

emphasis is given to t h e  more important of these.  Marketing board 

regu la t ions  a s  they a f f e c t  t h e  da i r y  and pou l t ry  s e c t o r s  i n  Canada should 

be  considered and ac t i ons  of t h e  Canadian Wheat Board noted. Fortunate- 

l y ,  Canada is a r e l a t i v e l y  f r e e  t r a d e r  i n  many of t h e  commodities of 

importance i n  t h e  FAP t r a d i n g  l ist  and, as ide  from p r i c e  s t a b i l i z a t i o n  

programs, which i n  t h e  p a s t  decade have r a r e l y  been opera t i ve ,  and 

marketing board programs, one f i n d s  t h a t  domestic a g r i c u l t u r a l  p o l i c i e s  



have genera l ly  been l e s s  d i s rup t i ve  than p o l i c i e s  implemented i n  many 

o the r  count r ies .  This has made the  task of a t tempt ing t o  empi r i ca l l y  

d e t a i l  po l icy  a f f e c t s  a  l i t t l e  e a s i e r  and, i f  t he  r o l e  of non i n t e r f e r -  

ence is t o  cont inue,  t h e  t ask  of looking to t h e  Future is  a l s o  made a  

l i t t l e  eas ie r .  It is a l s o  f e a s i b l e  t o  exogeneously d e t a i l  c e r t a i n  

p o l i c i e s  a s  they may become opera t i ve .  Research and development e f f e c t s  

and technolog ica l  change elements a r e  captured. 

A t y p i c a l  FAP genera l  equi l ibr ium model genera l l y  c o n s i s t s  of 

four  important components -- t h e  a g r i c u l t u r a l  supply s e c t o r ,  a  non 

a g r i c u l t u r a l  supply s e c t o r ,  a  demand o r  f i n a l  consumer sec to r  and a  

government sec to r .  Most OF our e f f o r t  to date  has concentrated on 

at tempt ing t o  d e t a i l  an a g r i c u l t u r a l  supply s e c t o r  and, t he re fo re ,  t h i s  

component is repor ted  on. Some d e t a i l s ,  of t he  demand es t imat ion  pro- 

cedures a s  Followed f o r  t h e  bas i c  l inked model a r e  noted. 

Canadian Basic Linked Model 

F ischer  and Frohberg (1980) have provided d e t a i l s  of t h e i r  basic 

l i nked  models -- models of i nd i v i dua l  count r ies  t h a t  mainly d e t a i l  agr i -  

c u l t u r a l  supply responses and models served i n i t i a l l y  t o  t e s t  t he  l inkage 

concepts developed by Keyser (1981).  The s t r u c t u r e  of these  m d e l s  is a 

nonl inear  opt imiz ing formulat ion wi th a g r i c u l t u r a l  c a p i t a l ,  

labour  and f e r t i l i z e r  being a l l oca ted  between a l t e r n a t i v e s  based on t h e  

r e l a t i v e  p r o f i t a b i l i t y  of t hese  a l t e r n a t i v e s .  The product ion p o s s i b i l i t y  

f r o n t i e r  is based upon est imated product ion func t ions  f o r  8  aggregate  

commodities. Dairy and beef outputs  a r e  t r e a t e d  as  a  j o i n t  product and 



pork, poul t ry  and f i s h  ou tpu ts  a r e  aggregated. 

Over the  es t imat ion  per iod and over an ex p o s t  f o recas t  per iod 

output  responses t o  exogeneously given p r i c e s  were remarkably accurate.  

Some problems were noted with respec t  to  some of t he  est imated parameters 

f o r  the var ious product ion funct ions.  The aggregat ion procedure follow- 

ed, p a r t i c u l a r l y  f o r  t h e  var ious l i ves tock  ca tego r i es ,  made it d i f f i c u l t  

t o  r e l a t e  output  responses t o  t h e  Canadian s i t u a t i o n  where po l i cy  r u l e s  

d i c t a t e  t h a t  da i r y  and pou l t r y  supply responses a r e  f a i r l y  r igorous ly  

con t ro l l ed  whereas beef and pork supply responses a r e  e s s e n t i a l l y  market 

dr iven.  Although aggregat ion is necessary t h e  authors  found it d i f f i c u l t  

t o  r e l a t e  to commodities f a l l i n g  i n t o  t he  "other  foods of crop o r ig in "  

and "non-food a g r i c u l t u r a l  crops" ca tegor ies .  

A Revised Canadian A l loca t ion  Model 

Various changes w e r e  made to t h e  Cnadian bas ic  l inked m d e l  a s  

d e t a i l e d  by F ischer  and Frohberg (1980). Land was e x p l i c i t l y  considered, 

l i ves tock  product ion was d isaggregated,  a rev ised  a l l o c a t i o n  m d e l  was 

spec i f i ed  and product ion func t ion  parameters re-estimated. Decis ion 

va r i ab les  i n  the case  of major g ra ins  and o i l s e e d s  involve t h e  acreage to 

be p lanted t o  t hese  crops,  i n  t h e  case of beef and da i r y  t h e  va r i ab le  

p e r t a i n s  t o  t h e  s i z e  of t h e  herd,  f o r  pork and pou l t r y  products  and f o r  

t h e  o the r  commodity groups it invo lves output  l e v e l s .  Est imates of y i e l d  

pe r  ac re  o r  per animal u n i t  a r e  provided thus  quan t i t y  produced is t h e  

product of y i e l d  and acreage o r  y i e l d  and herd s i z e .  Resource 

c o n s t r a i n t s  e x p l i c i t l y  d e t a i l e d  consider t he  a g r i c u l t u r a l  c a p i t a l  s tock,  



t h e  a g r i c u l t u r a l  labour fo rce  and the amount of a rab le  land i n  agr icu l -  

t u r e .  Over time these  s tocks a r e  ad justed through investment, by migra- 

t i o n  o r  through new land being brought i n to  product ion.  Investment o r  

migrat ion r a t e s  i n t o  a g r i c u l t u r e  a r e  a f f ec ted  by t h e  p r o f i t a b i l i t y  of t h e  

a g r i c u l t u r a l  s e c t o r  r e l a t i v e  t o  t h a t  of t h e  nonagr icu l tu ra l  sec to r .  

I n  a t tempt ing t o  spec i fy  t h e  c r i t e r i o n  funct ion of t h e  a l l o c a t i o n  

model a t t e n t i o n  was d i rec ted  t o  t h e  problem of t r y i n g  t o  d e t a i l  va r i ab le  

c o s t s  f o r  each of t h e  commodity groups over t h e  es t imat ion  per iod and 

over  t he  planning hor izon. The a l l o c a t i o n  of feeds to a l t e r n a t i v e  l ive-  

s tock  c l a s s e s  was p a r t  t he reo f .  A s a t i s f a c t o r y  a l l o c a t i o n  procedure is 

y e t  t o  be devised. 

Re-estimation of product ion funct ion parameters f o r  t he  rev ised  

r e l a t i o n s h i p s  requ i red  changes t o  var ious sof tware packages. The rev ised 

a l l o c a t i o n  model a l s o  requ i red  d i f f e r e n t  f i r s t  order  condi t ions f o r  a 

maximum and the re fo re  t he  opt imizat ion code was rewr i t ten .  The proced- 

u res  involved i n  re-est imat ion of t he  product ion funct ion parameters are 

d i f f i c u l t  and t h e  r e s u l t s  repor ted  a r e  only p a r t i a l l y  s a t i s f a c t o r y .  

Severa l  c o e f f i c i e n t s  of t h e  product ion r e l a t i o n s h i p s  were e i t h e r  a t  t h e i r  

upper o r  lower bound l e v e l s .  However, supply responses from t h e  al loca- 

t i o n  model t o  changes i n  t h e  r e l a t i v e  p r o f i t a b i l i t y  of t h e  var ious  pro- 

duct ion a l t e r n a t i v e s  appear s a t i s f a c t o r y .  For example, t h e  res idua l  

(opt imal  versus a c t u a l  wheat acreage)  f o r  wheat over 15 yea rs  averages 

11.4%, t h a t  f o r  beef herd s i z e  averages 5.6%. A r e s p e c i f i c a t i o n  of t h e  

a l l o c a t i o n  model may be requ i red  i n  o rder  t o  overcome some of t h e  

problems assoc ia ted  wi th  parameter values f a l l i n g  to t h e i r  bound l eve l s .  



An Econometric Supply Speci f icat ion 

An a1 te rna t i ve  ag r i cu l tu ra l  supply module t o  t ha t  speci f ied above 

was estimated using a conventional econometric supply spec i f i ca t ion .  

Supply responses of a typ ica l  Nerlovian type a r e  hypothesized. Where 

subs t i t u t i on  between outputs is f eas ib le  a p r i ce  r i s e  i n  t he  one 

commodity is expected t o  impact pos i t i ve ly  and t ha t  of an a l te rna t i ve  

commodity negat ively.  A pr i ce  rise i n  major inputs is speci f ied as  

having a negative impact on output. Results f o r  the est imation period 

appear reasonable but problems have been encountered when project ions 

over a 15 year fo recast  period a re  made. Following Johnson (1981) some 

of the  problems noted may be minimized. 

The Demand System 

Some work on reest imat ion of demand parameters fo r  a deta i led  

Canadian model has commenced. We reported on coe f f i c ien ts  estimated for  

the  basic l inked system and compare some of the  r e s u l t s  f o r  Canada with 

those of other  countr ies and with other  s tudies.  

Using a l i nea r  expenditure system the marginal budget share fo r  

ag r i cu l tu re  versus the  non-agricultural sec tor  fo r  Canada was f a i r l y  low 

(0.02) .  Committed consumption quan t i t i es  fo r  most comrodities were a 

high percentage of t o t a l  consumption and resu l t s  of Engel curve est imates 

were a lso  questionable. Some of the  reported p r i ce  e l a s t i c i t i e s  appeared 

reasonable but cross p r i ce  e l a s t i c i t i e s  were general ly very small. These 

r e s u l t s  suggested t h a t  fu r the r  refinements a re  required. 



Canadian/World P r i c e  Linkages 

I n i t i a l  r e s u l t s  l i nk ing  Canadian commodity p r i c e s  wi th those of 

t h e  i n te rna t i ona l  market a r e  provided. A simple l i n e a r  funct ion is 

spec i f i ed  where the  parameters thereof a r e  viewed as t he  ne t  impact of a 

combination of po l i cy  and o the r  var iab les .  The a n a l y s i s  provides some 

i n s i g h t s  i n t o  the  world p r i c e  s e r i e s  f o r  t h e  d i f f e r e n t  commodity bundles. 

I t  appears t h a t  t h e  composit ion of severa l  commodity bundles have changed 

over t h e  es t imat ion  per iod.  

The es t imat ion  per iod  was p a r t i t i o n e d  i n  o rder  t o  examine the  

robustness of t h e  p r i c e  l inkage c o e f f i c i e n t s ,  s i nce  commodity p r i ces  were 

f a i r l y  uns tab le  over t h e  1972 t o  1976 per iod .  These i n i t i a l  r e s u l t s  

appear s a t i s f a c t o r y  f o r  t he  major g ra in  and o i l seed  crops. I n  t h e  case 

of  l i ves tock  products  where t h e  composit ion of t h e  bundle t raded can vary 

q u i t e  s i g n i f i c a n t l y  over t ime,  f u r t h e r  work is requi red.  

I n  summary, va r i ous  component p a r t s  of t h e  Canadian FAP model a r e  

descr ibed and evaluated i n  t h i s  study. Severa l  changes t o  components of 

t h e  bas ic  l inked model f o r  Canada have been made. The repor t  d e t a i l s  

work i n  progress and f u t u r e  d i rec t i ons  f o r  t h i s  work have been 

discussed. 

Conclusions 

"Nowadays, it is fash ionable to a t t a c k  economic rmdels -- t h e  

smal l  t h e o r e t i c a l  ones f o r  being smal l  and a b s t r a c t ;  t h e  l a r g e ,  numerical 

ones fo r  being l a rge  and empi r i ca l ,  and both types f o r  being i r r e l evan t "  

( Auqusztinovics, 1982 ) . Bearing i n  mind these thoughts one r e a l i z e s  t h a t  



FAP1s task  is d i f f i c u l t .  The work can only be accomplished through a 

learn ing  process i n  which p i t f a l l s  a r e  minimized and cons t ruc t i ve  ideas 

shared. In  p a r t i c i p a t i n g  i n  FAP1s work program the  authors have attempt- 

ed to bu i l d  a Canadian a g r i c u l t u r a l  model t h a t  w i l l  be use fu l  not on ly  to  

t h e  FAP program but  use fu l  on a "stand alone" b a s i s  t o  po l i cy  makers i n  

Canada. The experienced gained has been both rewarding and f r u s t r a t i n g .  

Rewarding because we be l ieve  t h a t  work of t h i s  na ture  is e s s e n t i a l  i f  

some of t h e  longer-run food problems a r e  to be i nves t iga ted  and f r u s t r a t -  

i ng  because of some of t h e  d i f f i c u l t i e s  t h a t  have been encountered. 

I n  at tempt ing t o  r e a l i s t i c a l l y  model a g r i c u l t u r a l  supply respon- 

s e s  the  resource based na ture  of a g r i c u l t u r a l  product ion and the  r o l e  

played by technologica l  change has been emphasized. For t h i s  reason the  

a l l o c a t i o n  model approach received a t t e n t i o n  and i ts p l a u s i b i l i t y  was 

examined. The methodology adopted is unique and the  l im i ta t i ons  of the  

approach y& a v i s  those of t he  m r e  convent ional  supply funct ion o r  

mathematical programming methodologies must be assessed. It would appear 

t o  the  authors t h a t  t he  concept behind FAP1s approach, t h a t  of al lowing 

ind iv idua l  nat ions t o  choose t h e i r  own methodology i n  at tempt ing t o  

represent  t h e i r  count r ies  economy is sound but t he  task  of developing 

those d e t a i l e d  country models is d i f f i c u l t .  Furthermore, t h e  task  of 

t r y i n g  t o  maintain and update t h i s  system and perform si lnulat ions i n  a 

l inked run without re l y i ng  on the  presence of t he  m d e l  bu i lders  them- 

se l ves  is a l s o  extremely d i f f i c u l t .  It was f o r  t h i s  reason t h a t  time was 

spent  examining t h e  bas ic  a l l o c a t i o n  model developed f o r  Canada. Since 

fo recas ts  from t h i s  model compared very favourably with f o recas ts  made 



by o t h e r  agenc ies  it was dec ided t h a t  t h e  a l l o c a t i o n  model and the.  

methodology used shou ld  be examined. The r e p o r t i n g  dead l ine  f o r  t h e  FAP 

work program i n d i c a t e s  t h a t  t h e  bas i c  l i nked  models of i nd i v i dua l  coun- 

t r i e s  w i l l  form t h e  c r i t i c a l  co re  of t h e  e n t i r e  model system and t h a t  

" de ta i l ed "  count ry  models which a r e  l i n k a b l e  and have been thoroughly 

t e s t e d  w i l l  be a minor i t y .  Our e f f o r t  a t  a t tempt ing  to improve t h e  bas i c  

l i n ked  model f o r  Canada and a t tempt ing  t o  modify it a s  necessary  c o w  

s i d e r e d  t hese  aspec t s .  The r e s u l t a n t  product  shou ld  be viewed a s  an 

approximat ion of a  very  complex a g r i c u l t u r a l  system. 

The bas i c  FAP concept  of l i n k i n g  va r i ous  c o u n t r i e s  i n  an i n t e r -  

n a t i o n a l  t r a d e  s e t t i n g  bu t  a l lowing f o r  na t i ona l  governments to a s s e r t  

t h e i r  own p r i o r i t i e s  cannot be f au l t ed .  I n  t h i s  con tex t  t h e  au thors  and 

v a r i o u s  suppor t ing  i n s t i t u t i o n s  i n  Canada have supported IIASA and, i n  

p a r t i c u l a r ,  t h e  FAP r e s e a r c h  program. The work is con t inu ing  and t he  

e n t i r e  framework is being improved as o t h e r  p a r t i c i p a t i n g  c o u n t r i e s  

con t inue  t o  develop and test e i t h e r  t h e i r  own d e t a i l e d  count ry  models o r  

t hose  of t h e  bas i c  l i n ked  system. I n  i ts  c u r r e n t  s t a g e  of development 

t h e  system of coun t ry  models and t h e  l i nkage  a lgo r i thm developed by 

Keyzer (1981) i s  viewed by t h e  au thors  a s  being one of t h e  most developed 

and r e a l i s t i c  r e p r e s e n t a t i o n  of t h e  world a g r i c u l t u r a l  system. Th i s  

achievement shou ld  no t  be overshaddowed by some of t h e  d i f f i c u l t i e s  

r epo r t ed .  
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APPENDIX A 

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

f o r  t h e  a l l o c a t i o n  model a r e  p r e s e n t e d  i n  t h i s  s e c t i o n .  It h a s  been 

n o t e d  t h a t  s t a r t i n g  v a l u e s  f o r  t h e  pa ramete rs  are s e l e c t e d  and th rough  

t h e  i t e r a t i v e  p r o c e d u r e  d e v i s e d  by F i s c h e r  and Frohberg  a f i n a l  set is 

f i n a l l y  de termined.  The v a l u e s  of t h e s e  have been p r e s e n t e d  i n  Tab le  

3 .22 .  The r e s u l t s  p r e s e n t e d  i n  t h i s  s e c t i o n  i n d i c a t e  t h e  optimum o u t p u t  

l e v e l s  of t h e  a l l o c a t i o n  model f o r  each  of t h e  15 y e a r s  f o r  each commd- 

i t y .  The v a l u e s  o f  Ai ( T a b l e d  AC i n  t h e  p r i n t - o u t s )  i n d i c a t e  t h e  

o p t i m a l  s o l u t i o n  v a l u e  o f  A i  f rom t h e  a l l o c a t i o n  model. These optimum 

v a l u e s  may be compared w i t h  t h e  obse rved  v a l u e s  o f  Ai ( l a b e l e d  ACO) and 

t h e  r e s i d u a l  d e v i a t i o n  as a p e r c e n t a g e  c a l c u l a t e d  ( t a b l e d  A-RES). In t h e  

f i r s t  y e a r  ( 1962 ) f o r  t h e  f irst commodity ( wheat  t h e  obse rved  h a r v e s t e d  

area w a s  10,852 (000 '  ) h a ,  t h e  o p t i m a l  v a l u e  as c a l c u l a t e d  from t h e  

n o n l i n e a r  max imiza t ion  model w a s  11,218 h a ,  a d e v i a t i o n  o f  3 .4%.  A b r i e f  

d e f i n i t i o n  o f  t h e  v a r i o u s  v a r i a b l e s  is p r e s e n t e d  and t h e n  a comment on 

t h e s e  r e s u l t s  f o l l o w s  : 

T a b l e  1: TAREA - t o t a l  c u l t i v a t e d  l a n d  area (000  h a )  

TLAB - t o t a l  a g r i c u l t u r a l  l a b o r  f o r c e  ( 0 0 0 )  

TCAP - t o t a l  a g r i c u l t u r a l  c a p  (1970 C $ m i l . )  

T a b l e  2: SL 

SK 

S A 

SR 

- shadow p r i c e  o f  scarce l a b o r  

- shadow p r i c e  o f  scarce c a p i t a l  

- shadow p r i c e  of scarce l a n d  

- shadow p r i c e  of roughage c o n s t r a i n t  



Tables  
3 t o  13: PRICE - 

ACO - 

A-RES - 
YCO - 
Y - 
Y-RES - 
KC01 KC and 

K- RES - 
LCO, LC and 

L-RES - 
BCO - 

expected p r i c e  p e r  u n i t  of Ai 

t h e  observed Ai 

t h e  opt imal  A ~ *  

t h e  dev ia t i on  ( A ~ * - A ~ )  a s  percentage 

observed y i e l d  per u n i t  of % 

es t ima ted  y i e l d  pe r  u n i t  of % 

t h e  r e s i d u a l  a s  a percen tage  

as above f o r  c a p i t a l  

as above f o r  l abo r  

a cons tan t  added t o  y i e l d  to normal ize f o r  

weather  v a r i a t i o n s  

The commodity index ( i  = 1...11) fo l l ows  t h a t  de f ined  i n  t h e  a l l oca -  

t i o n  model. The r e s i d u a l s  a s  t a b l e d  a r e  gene ra l l y  f a i r l y  low, f o r  h e a t  

an  average of 10.10, f o r  coa rse  g r a i n s  13.10, f o r  o i l s e e d s  they  are 

u n s a t i s f a c t o r y  a t  31.80, f o r  t h e  f i r s t  l i v e s t o c k  commodity, pork (commod- 

i t y  No. 8 ) ,  15.00, f o r  p o u l t r y  3.80, f o r  da i r y  cow numbers 8.10 and f o r  

t h e  beef herd s i z e  6.10. By i nco rpo ra t i ng  d i f f e r e n t  assumpt ions it is  

p o s s i b l e  t o  con t inue  t o  t r y  and improve upon t h e s e  r e s u l t s ,  bu t  t h e  para- 

meters a s  p resen ted  i n  Tab le  3.22 a r e  c u r r e n t l y  be ing used. The percent -  

age  e r r o r s  i n d i c a t e  t h e  range of e r r o r s  t o  be expected.  A t r u e  t e s t  a s  

t o  t h e  use fu l ness  of t h e s e  es t ima tes  i s  a l s o  prov ided through a s e r i e s  



o f  s imu la t ions  i n  which responses t o  p r i c e  changes a r e  examined. I t  has  

been t h e  exper ience of t hose  f a m i l i a r  w i th  t h i s  methodology t h a t  t h e  

h i ghe r  t h e  va lue  of t h e  Pgi parameter ,  t h e  h igher  t h e  e l a s t i c i t y  of 

supp ly .  These t e s t s  a r e  proceeding f o r  t h i s  s e t  of parameter  va lues.  



APPENDIX B 

D e f i n i t i o n s  of D a t a  

(An  L  w i l l  i m p l y  l a g g e d  o n e  per iod when u s e d  as 

l as t  l e t te r  o f  m n e m o n i c ) .  

Mnemonic S h o r t  D e f i n i t i o n  

ACCG Area o f  coarse g r a i n  i n  C a n a d a  

ACCGS S h a r e  of area c u l t i v a t e d  t o  coarse grains 

( ACCG/ACGR) 

ACCP A r e a  o f  c u l t i v a t e d  crops i n  C a n a d a  

ACGR Area of g r a i n s  a n d  oi lseeds i n  C a n a d a  

ACOS A r e a  of o i lseeds i n  C a n a d a  

ACOSS S h a r e  of area c u l t i v a t e d  t o  oi lseeds 

( ACOS/ACGR) 

ACSF A r e a  o f  summer f a l l o w  i n  C a n a d a  

ACWH A r e a  of wheat i n  C a n a d a  

ACWHSC S h a r e  of area c u l t i v a t e d  to w h e a t ,  

(ACWH/ACGR) 

DLFT Dummy variable f o r  L I F T  p o l i c y  y e a r  

FDCG F e e d  u s e  of coarse g r a i n s  

FDPF F e e d  u s e  of p r o t e i n  f e e d  

FPBF Fa rm pr ice of b e e f  

FPCG Fa rm price for coarse g r a i n  

FPCGLR Fa rm pr ice of coarse g r a i n s ,  lagged o n e  

period, deflated b y  f a r m  i n p u t  price i n d e x  

( cost ( $ / m t / i n d e x  

( ' 0 0 0  h a )  

( ' 0 0 0  h a )  

( ' 0 0 0  m t )  

( ' 0 0 0  m t )  

($/mi=) 

($/mi= 

U n i t s  

( ' 0 0 0  h a )  

( ' 0 0 0  h a )  

( ' 0 0 0  h a )  

( ' 0 0 0  h a )  

( ' 0 0 0  h a )  

( ' 0 0 0  h a )  

( ' 0 0 0  h a )  

( ' 000  h a )  



Mnemonic 

FPCGR 

FPCGT 

FPDA 

FPDALR 

FPGRL 2 

FPGRLR 

FPOS 

FPOSLR 

FPPE 

FPPELR 

FPPELR 

FPPKLR 

INBF 

Short Defini t ion 

Farm pr ice  of coarse grains def lated by 

farm input pr ice  index 

Distr ibuted lag on farm pr ices fo r  coarse 

grains ( t - 1  i s  0.5, t - 2  i s  0.3 and t-3 

is 0 . 2 )  

Farm pr ice  of dairy products 

Farm pr ice of milk, lagged one period, 

def lated by farm input pr ice  index 

Farm pr ice of grains (wheat and coarse 

g ra ins ) ,  lagged one period, def lated 

by farm input pr ice index (COSTL) 

Farm pr i ce  of grains (wheat and coarse 

g ra ins ) ,  lagged one period, def lated by 

farm input pr ice  index (COST%) 

Farm pr ice  fo r  o i lseeds 

Farm pr ice  of o i lseeds,  lagged one period, 

def lated by farm input pr ice  index (costL) 

Farm pr ice  .of poultry and eggs 

Farm pr ice of beef, lagged one period, 

def lated by farm input pr ice  index 

Farm pr ice  of poultry and eggs, lagged one 

period, def lated by farm input pr ice index 

Farm pr ice  of pork, lagged one period, 

def lated by farm input pr ice index 

Inventory of beef cows and calves on farms 

Units 

($/rnt/index) 

( ' 0 0 0  head) 



Mnemonic 

INCG 

I N D A  

INGR 

I NPE 

INWH 

LTIME 

QPBF 

QPCG 

QPDA 

QPOS 

QPPE 

QPPK 

QPWH 

QSTB 

RAIN 

RN 

TIME 

TRCGLR 

S h o r t  D e f i n i t i o n  U n i t s  

I n v e n t o r y  o f  c o a r s e  g r a i n s  ( ' 0 0 0  m t )  

I n v e n t o r y  o f  d a i r y  ca t t le  a n d  c a l v e s  o n  

fa rms ( ' 000  h e a d )  

I n v e n t o r y  o f  a l l  g r a i n s  ( ' 0 0 0  m t )  

I n v e n t o r y  o f  p o u l t r y  and eggs  ( ' 0 0 0  m t  p r o t . e q . )  

I n v e n t o r y  o f  wheat ( ' 0 0 0  m t )  

Log o f  t i m e  where 196 I =  1,  1962=2 

T o t a l  p r o d u c t i o n  o f  beef  ( ' 0 0 0  m t )  

T o t a l  p r o d u c t i o n  o f  c o a r s e  g r a i n s  ( '  000 m t )  

T o t a l  p r o d u c t i o n  of m i l k  ( ' 0 0 0  m t )  

T o t a l  p r o d u c t i o n  o f  o i l s e e d s  ( ' 0 0 0  m t )  

T o t a l  p r o d u c t i o n  of p o u l t r y  and eggs  ( ' 0 0 0  m t  p r o t . e q . )  

T o t a l  p r o d u c t i o n  o f  pork ( ' 0 0 0  m t )  

T o t a l  p r o d u c t i o n  of wheat ( ' 0 0 0  m t )  

Q u a n t i t y  o f  bee f  an ima ls  s l a u g h t e r e d  ( ' 0 0 0  h e a d )  

Index  of la te  f a l l  and  e a r l y  s p r i n g  r a i n  ( i n c h e s  ) 

R a i n f a l l  d u r i n g  growing s e a s o n  ( i n c h e s )  

Where 1961=1, 1962=2 

T o t a l  revenue p e r  h a  f o r  c o a r s e  g r a i n s  

(FPCG a n d  YICG), l agged  one  y e a r ,  d e f l a t e d  

by  fa rm i n p u t  p r i c e  index  

T o t a l  revenue p e r  ha  f o r  wheat  (FPWH a n d  

Y I W H ) ,  l a g g e d  one y e a r ,  d e f l a t e d  by farm 

i n p u t  p r i c e  i n d e x  ( $ / h a / i n d e x )  

TRWHLR 



Mnemonic Sho r t  D e f i n i t i o n  Un i t s  

YIBF Dressed c a r c a s s  weight f o r  beef animal 

s l augh te red  (mt/animal)  

Y I C G  Yie ld  pe r  ha f o r  coarse  g r a i n s  (mt/ha 1 

Y I D A  Milk y i e l d  f o r  cow pe r  annum (mt/cow) 

Y 10s  Y ie ld  p e r  ha  f o r  o i l s e e d s  (m t / ha  1 

Y I W H  Yield p e r  ha f o r  wheat (mt/ha 1 



APPEND IX-C 

Expected P r i ces  - An a l t e r n a t i v e  Spec i f i ca t i on  

I n i t a l l y ,  i n  es t imat ing  farmer responses t o  p r i ce  changes, a stan- 

dard Nerlovian approach has been used. The r e s u l t s  us ing t h i s  approach 

have been presented.  A s  an a l t e r n a t i v e  t o  t h i s  formulat ion we have 

a l s o  experimented with a more e labo ra te  p r i c e  expec ta t ion  m d e l .  A 

Box-Jenkins ARIMA model is spec i f i ed ;  t h e  r e s u l t s  of which a r e  noted i n  

t h i s  sec t ion .  Given some of t h e  d i f f i c u l t i e s  noted e a r l i e r ,  t h e  Box- 

Jenk ins  (1970) methodology and t h e  r e s u l t s  may a l s o  be t e s t e d  i n  t he  

l i nked  mode t o  prov ide supply responses f o r  t h e  farm sec to r .  Th is  

v a l i d a t i o n  process i s  c u r r e n t l y  being undertaken. The r e s u l t s  pres- 

en ted  here  a r e  f o r  expected p r i c e s  only;  f o r  each of t h e  var ious 

commodities these  expected p r i c e s  may be used and t h e i r  p l a u s i b i l i t y  

t e s t e d .  

Genera l ly ,  a Box-Jenkins au to regress ive  i n teg ra ted  moving average 

of order  process AFUMA (K,L),  with an au to regress ive  part of o rder  K 

and a moving average p a r t  of o rder  L, i s  w r i t t e n  as:  

K L 
P*t = lJ + C $iPt-i + Wt + C . W  

i= 1 j= 1 
J t - j  

where Pt is t h e  t ime s e r i e s  i t s e l f  and where Wt i s  t h e  white noise 

o r  random d is tu rbance i n  per iod  t; Qi and V j  a r e  parameter va lues 

t o  be est imated and Wt i s  given a s  Qt = Pt - P*t; t h a t  is, t h e  

observed va lue l e s s  t h e  expected value. 

A t ime s e r i e s  c o n s t i t u t i n g  a d i s c r e t e  l i n e a r  s t o c h a s t i c  process of 

Xt may be w r i t t e n  as :  



X t  = P 'QoE t  + Q I E ~ - ~  + Q2Et-3 +. . . 
where p is a cons tan t  determin ing t h e  l e v e l  of t h e  t ime s e r i e s  p rocess  

and Qi a r e  t h e  weights  a t t ached  t o  t h e  random d i s t u rbances  of t h e  

d i f f e r e n t  t i m e  per iods .  Where a g iven t i m e  series is s t a t i o n a r y  it 

w i l l  f l u c t u a t e  randomly about  a cons tan t  mean; i f  it is uns ta t i ona ry  it 

does not  have a n a t u r a l  mean. Some non-s ta t ionary  series may a l s o  be 

reduced t o  a s t a t i o n a r y  s e r i e s  ( u s i n g  va r i ous  degrees of d i f f e renc ing ,  

d ) .  The number of parameters  es t ima ted  v a r i e s  depending on chosen i 

where Qi(i = 1.. .n )  , Vi and d. For each commodity an ARIMA scheme 

es t ima t i ng  pt a s  a f unc t i on  of p a s t  series ( p r i c e s )  and whi te  no ise  

va l ues  was performed. The s e l e c t e d  va lues  f o r  qi, Vi and d were a s  

fo l l ows :  

( v : ( l , l , O ) ,  ( 1 , 2 , 0 ) ,  ( 2 t l t O ) t  ( 11111 )1  (11211)1  

( 2 , l I l )  

The b e s t  from t h e s e  s i x  schemes was s e l e c t e d  by checking t h e  s t a t i o n a r y  

cond i t i ons  of t h e  es t ima ted  s e r i e s  and by making an x2 t e s t  on t h e  

r e s i d u a l  a u t o c o r r e l a t i o n s .  For each of t h e  commodities an expected 

va l ue  (P*)  i n  pe r i od  t is given a s  P*t = Pt - Wt. The va lues  of 

t h e s e  parameters  a r e  g iven i n  Tab le  1. To i l l u s t r a t e ,  t h e  expected 

p r i c e  f o r  wheat is given a s  

P*t = 0.602P + 31.302 + 0.388W + Wt 
t- 1 t- 1 

where Wt = Pt - P*t. The va lues  of Wt f o r  t h r e e  years  (1974, 

75 and 76)  a r e  i nd i ca ted .  

For each of t h e  commodities f o r  each of t h e  years  t h e  observed 

p r i c e ,  t h e  expected p r i c e  and t h e  random d i s t u rbance  va lue a r e  g iven i n  

Tab le  C2 t o  C4. These s e r i e s  p rov ide  an i n t e r e s t i n g  comparison of t h e  



d i f f e rence  between observed and expected p r i c e s  us ing the  Box-Jenkins 

methodology. We have est imated supply responses using these  expected 

p r i c e s  ins tead  of t h e  Nerlovian m d e l  spec i f i ed  and w i l l  eva lua te  these  

over the  ex p o s t  f o r e c a s t  per iod ( 1977 t o  1981 ) . Over t h e  h i s t o r i c a l  - 

per iod  ( 1961 t o  1976) r e s u l t s  a r e  comparable to those repor ted i n  t he  

prev ious sec t ion .  It might a l s o  be advantageous to rees t imate  t h e  

parameters of t h e  product ion funct ions repor ted on i n  Sec t ion  3 us ing  

these  expected p r i ces .  





Table C.2: Observed and Expected P r i ces  Using Box-Jenkins ARIMA 
Process 

Wheat Coarse Grains Oi lseeds 

Ob- Ex- Ob- Ex- Ob- Ex- 
served pected D i f f .  served pected D i f f .  served pected D i f f .  

(S/mt) 



Table C . 3  (cont inued)  

Pork Pou l t ry  and Eggs 

Ob- Ex- Ob- Ex- 
served pected D i f  £. served pec t  ed Dif £. 



Table C.4 (continued) 

Dairy Beef 

Ob- Ex- Ob- Ex- 
served pected Dif f . served pected D i f f .  
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