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ABSTRACT 

The primary a i m  of t h e  t h e s i s  is  t o  provide an economic explana- 

t i o n  of the  r a t e  of d i f fus ion  o f  the mechanical reaper i n  Canada. Widespread 

adopt ion of reapers  i n  Canada s t a r t ed  some t h i r t y  years  a r t e r  they were f i r s t  

ava i lab le  i n  North America, and t h i s  was a decade l a t e r  than t he  period of 

rapid  d i f fus ion  i n  t h e  U.S.A. These a r e  in t r igu ing  phenomena i n  themselves, 

but t h e  occurrence of  rapid d i f fus ion  of reapers  i n  a c r i t i c a l  period of  

Canada's economic development a l so  gives h i s t o r i c a l  importance t o  t h e  question. 

The broader in ten t ion  of  t h e  study is t o  lend ins ight  in to  t he  general ques- 

t i o n  of t he  d i f fus ion  of embodied technical  change. 

A model, based on David's concept of a threshold farm s ize ,  is 

developed. The fundamental hypothesis is  t h a t  reapers  were only p rof i t ab le  

on farms above a c e r t a i n  size.  Thus, i f  the  d i s t r i bu t i on  of farm s i z e s  is 

known, then t h e  number of reapers  can be predicted. Predictions can a l so  be 

made of what t h e  number of reapers would have been i n  t he  absence of c e r t a in  

changee, thus  giving some measure of  t h e  importance of those changes. 

The extension from previous d i f fus ion  models is t h e  exp l i c i t  consi- 

derat ion of t h e  farm s i z e  d i s t r ibu t ion .  I n  David's work t he  threshold s i z e  

ie compared with t h e  mean farm s i ze ,  which prevents quan t i t a t ive  t e s t s  of t he  

hypothesis. 

The weaknesses of t h e  model a r e  t h a t  it assumes i n d i v i s i b i l i t y  of 

reaper services  and un id i rec t iona l  causation from farm e ize  and f ac to r  p r ices  

t o  reaper adoption. These problems a r e  examined and no empirical evidence is 

found t o  inva l ida te  our model. 

The est imates derived from t h e  model follow t h e  ac tua l  d i f fus ion 

path. This supports t h e  hypothesis t ha t  the  economic var iables  of f ac to r  

( i i i )  



p r i c e s ,  ~ i z e  o f  farm and t e c h n i c a l  change provide a n  explana t ion  o f  t h e  d i f f u -  

s i o n  o f  t h e  reaper .  The f i n d i n g s  from t h e  hypo the t i ca l  p r e d i c t i o n s  a r e  t h a t  

t e c h n i c a l  change, i.e. des ign  improvements which s h i f t e d  t h e  product ion  f inc -  

t i o n ,  i s  t h e  most important explana tory  v a r i a b l e  and changing s c a l e  o f  opera- 

t i o n s  i e  more important t han  changes i n  f a c t o r  p r i ce s .  It is a l s o  found t h a t  

t h e  e f f e c t s  o f  changes i n  one v a r i a b l e  depend on t h e  l e v e l  o f  t h e  o t h e r  

v a r i a b l e s ;  i n  p a r t i c u l a r ,  t h e r e  i s  a c r i t i c a l  reg ion ,  depending on t h e  shape 

o f  t h e  farm s i z e  d i s t r i b u t i o n ,  where p rev ious ly  i n s i g n i f i c a n t  changes i n  

f a c t o r  p r i c e s  o r  average  farm s i z e  have a much g r e a t e r  e f f e c t  t han  before  on 

t h e  number o f  r e a p e r s  adopted. 

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

p roces s  is th ree fo ld .  They d i r e c t  a t t e n t i o n  t o  improvements i n  t h e  i n i t i a l  

i nven t ion  as a c r i t i c a l  f a c t o r ,  and y e t  l i t t l e  work has  been done by econo- 

mists i n  examining t h e  g e n e s i s  o f  such improvements. The f i n d i n g  t h a t  s c a l e  

o f  o p e r a t i o n s  can be more important t han  r e l a t i v e  f a c t o r  p r i c e s  i n  exp la in ing  

t h e  adoption o f  embodied t e c h n i c a l  change i s  c o n t r a d i c t o r y  t o  t h e  usua l  

emphasis i n  t h e  l i t e r a t u r e .  David reached t h e  oppos i t e  conclusion t o  ou r s ,  

a s s e r t i n g  t h e  primacy o f  f a c t o r  p r i ce s .  Th i s  was due t o  h i s  f a i l u r e  t o  use  

t h e  whole farm s i z e  d i s t r i b u t i o n .  The i n t r o d u c t i o n  o f  t h e  d i s t r i b u t i o n  o f  

i nnova t ing  u n i t s  i s  a l s o  t h e  c r u c i a l  f a c t o r  i n  exp la in ing  t h e  observed S- 

shaped d i f f u s i o n  pa t t e rn .  S ince  t h i s  p a t t e r n  is common f o r  many t y p e s  o f  

t e c h n i c a l  change, t h e  model may have wide a p p l i c a b i l i t y .  
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CHAPTER I 

INTRODUCTION 

The primary aim o f  t h i s  d i s s e r t a t i o n  is t o  exp la in  t h e  r a t e  o f  

d i f f u s i o n  of  t h e  mechanical r e a p e r  i n  Canada. The h i s t o r i c a l  importance o f  

t h e  ques t ion  l i e s  i n  t h e  r e l a t i o n s h i p  between r eape r  d i f f u s i o n  and a per iod  

o f  r a p i d  Canadian economic development. The broader  i n t e n t i o n  o f  t h e  work i s  

t o  lend  i n s i g h t  i n t o  t h e  gene ra l  ques t ion  o f  t h e  d i f f u s i o n  o f  embodied tech-  

n i c a l  change. The r e a p e r  i n  Canada appears  e s p e c i a l l y  app ropr i a t e  f o r  t h i s  

d i f f u s i o n  q u e s t i o n  s i n c e  t h e  b a s i c  i nven t ion  was a v a i l a b l e  some t h i r t y  y e a r s  

before  it was widely adopted. Thus it is  p o s s i b l e  t o  concen t r a t e  on t h e  eco- 

nomic d e c i s i o n  t o  innovate  w i th  a n  a v a i l a b l e  i nven t ion  r a t h e r  t han  on isoquant  

e h i  ft 6 caused by invent  ions.  

I n  t h i s  chap te r  t h e  h i s t o r i c a l  evidence o f  t h e  t ime-path o f  r eape r  

d i f f u s i o n  i n  Canada and t h e  a n a l y t i c a l  c o u n t e r p a r t . o f  t h e  h i s t o r i c a l  phenom- 

enon a r e  ou t l i ned .  The l a t t e r  q u e s t i o n  i s  shown t o  be c r u c i a l l y  dependent on 

t h e  form o f  t h e  product ion  f'unction, and i n  t h i s  p a r t i c u l a r  ca se  it depends on 

how t h e  c a p i t a l  argument o f  t h i s  func t ion  i s  measured. The remainder o f  t h e  

chap te r  c o n s i s t s  o f  a survey of  t h e  r e l e v a n t  h i s t o r i c a l  l i t e r a t u r e  on Canadian 

development and t h e  i n t r o d u c t i o n  o f  t h e  r e a p e r  i n  Canada and o f  some of t h e  

l i t e r a t u r e  on t h e  d i f f u s i o n  o f  technology and choice  o f  technique.  F i n a l l y ,  

one model is s e l e c t e d  from t h i s  l i t e r a t u r e  as t h e  b a s i s  f o r  o u r  s tudy o f  t h e  

Canadian r e a p e r  c a s e  and t h e  extensions which a r e  t o  be made t o  t h i s  model a r e  

out 1 ined . 
The h i s t o r y  o f  mechanical r e a p e r s  goes back at l e a s t  t o  t h e  start of  

t h e  n ine t een th  century ,  but t h e  f i r s t  p a t e n t s  s u i t a b l e  f o r  commercial produc- 

t i o n  were not a v a i l a b l e  u n t i l  t h e  1830s. I n  t h e  U.S.A. t h e s e  new t echn iques  

Saw a slow, l i m i t e d  d i f f u s i o n  f o r  twenty y e a r s ,  t hen  a r a p i d  bu r s t  o f  produc- 

t i o n  i n  t h e  1850s (David 1966). The inven t ion  was a v a i l a b l e  almost as e a r l y  



i n  Canada and i n  t h e  1840s some American r e a p e r s  were imported. I n  t h e  l a t e  

4 9 l r l  ~ui.+ua neverai Canadian producers  s t a r t e d  o p e r a t i o n s  and by t h e  second h a l f  o f  

t h e  1650s they  dominated t h e  market t o  such a n  ex ten t  t h a t  a commentator i n  

1860 could say:- 

"an American made machine i s  now as g r e a t  a r a r i t y  as a Canadian 
one was a few y e a r s  ago" (quoted i n  Jones ,  p.102) 

The t h r e e f o l d  p r o t e c t i o n  o f  h igh  t r a n s p o r t  c o s t s ,  r e l a t i v e l y  low wages and 

imper ia l  p reference  on English s t e e l  gave t h e  l o c a l  producers  a cons iderable  

p r i c e  advantage ove r  U.S. compet i tors  ( $ 1 2 5 1  30 a g a i n s t  $160) i n  t h e  Canadian 

market ( ~ h i l l i ~ s ,  p. 10).  The use fu l  consequence of  t h i s  i s  t h a t  we can 

roughly equate  i n t r o d u c t i o n  o f  r e a p e r s  i n  Canada wi th  domestic product ion. 

Between t h e  1861 and 1871 censuses  t h e  va lue  o f  Canadian annual ou tput  of agrl- 

c u l t u r a l  implements r o s e  from $41 3,000 t o  $2,685,000 ( i . e .  by 55@). I n  t h e  

next two decades t h e  va lue  of  t h e  i n d u s t r y ' s  ou tput  cont inued t o  expand, but 

more Z?OW?Y (by 64$ and 7%). Tne r a p l d  expansion i n  t h e  1860s appears  t o  

have been concent ra ted  i n  Ontar io ,  e. g. t h e  1871 census g i v e s  36,874 r eape r s  

and mowers i n  u s e  i n  Ontar io  and 5,149 i n  Quebec. These conclus ions  r ega rd ing  

t h e  t i m i n g  and l o c a t i o n  of r eape r  i n t r o d u c t i o n  a r e  a l s o  supported by a v a i l a b l e  

evidence from newspapers ( c f .  quo ta t  i o n s  from t h e  "Canada Farmer" i n  P h i l l i p s  

p. 40, Landon p. 168) and r e p o r t s  o f  a g r i c u l t u r a l  s o c i e t i e s  ( i n  Ontar io  

Sess iona l  pape r s ) ,  which t a k e  r e a p e r s  as commonplace i n  Ontar io  by t h e  e a r l y  

1870s. 

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

p r o d u c t i v i t y  may be ob ta ined  from t h e  r e s u l t s  o f  Parker  and K l e i n ' s  s tudy  of  

changes i n  p r o d u c t i v i t y  i n  American small g r a i n s  product ion between 1840-60 

and 1890-1 91 0:- 

"The v a l u e s  ... showing t h e  r e l a t i v e  importance o f  t h e  d i f f e r e n t  
t y p e s  o f  mechanization, i n d i c a t e  t h a t  t h e  t r a d i t i o n a l  emphasis 



on t h e  r eape r  and t h r e s h e r  is not misplaced. Alone o r  i n  i n t e r -  
a c t i o n ,  t h e s e  accounted f o r  ove r  80 percent  o f  t h e  improvement 
due t o  mechanization i n  both wheat and oa t s "  ( ~ a r k e r  and Kle in ,  
P. >44) 

and : - 
"Mechanization . . . was t h e  s t ronges t  d i r e c t  cause o f  t h e  produc- 
t i v i t y  growth i n  t h e  product ion o f  t h e s e  gra ins .  It accounted 
d l r e c t l y  f o r  ove r  h a l f  o f  t h e  improvement'' (Pa rke r  and Kle in ,  
P. 543) 

Given t h e  importance and complexity of t h i s  t e c h n i c a l  d i f f u s i o n  it is  d e s i r a b l e  

t h a t  any model we develop should be a b l e  t o  p r e d i c t  t h e  speed and t iming  of 

t h e  d i f f u s i o n  p roces s  and t h e  a b s o l u t e  numbers o f  r e a p e r s  i n  Ontar io from 1850 

The h i s t o r i c a l  ques t  ion  has as i t s  a n a l y t i c a l  counterpar t  t h e  pro- 

blem of  choice  between two t echn iques  invo lv ing  d i f f e r i n g  f a c t o r  propor t ions .  

The p r e d i c t i o n s  o f  economic theo ry  as t o  why such a change i n  f a c t o r  propor- 

t i o n s  should have occurred  depend on t h e  shape o f  t h e  isoquants .  I f  t h e  pro- 

duc t ion  func t ion  i s  such t h a t  t h e  expansion path i s  a r ay  from t h e  o r i g i n  of 

t h e  isoquant  map, t h e n  f o r  any g iven  f a c t o r  p r i c e  r a t i o  t h e  f a c t o r  p ropor t ions  

1 
w i l l  be t h e  same whatever t h e  s c a l e  o f  output .  I n  t h i s  c a s e  t h e  on ly  reasons  

why f a c t o r  p ropor t ions  should change a r e  e i t h e r  t h a t  f a c t o r  p r i c e s  have 

c h a n ~ e d  o r  some t e c h n i c a l  p rog res s  has  s h i f t e d  t h e  isoquants .  I n  a l l  o t h e r  

ca ses ,  f a c t o r  p ropor t ions  a l s o  depend on t h e  s c a l e  o f  opera t ions .  

I n  Canada i n  1860 t h e r e  were two dominant h a r v e s t i n g  techniques ,  i .e .  

hand-rake r e a p e r s  r e q u i r i n g  two man-days f o r  each reaper-day and c r a d l i n g  

r e q u i r i n g  no r e a p e ~ d a y s .  Thus t h e  i soquan t s  should appear  as:- 

1 
A s u f f i c i e n t ,  but not necessary ,  cond i t i on  f o r  a s t r a i g h t - l i n e  expansion 
pa th  is  t h a t  t h e  product ion func t ion  be homogeneous o f  any degree,  i. e. 
f ( t ~ , t ~ )  = t h . f ( l ( , ~ ) ,  c f .  Henderson & Quandt,  p. 63. 



K in reaper-days 

L i n  man-days 

Figure  1. Isoquant map f o r  t h e  ha rves t ing  of small g r a i n s  when both c a p i t a l  
and l a b o r  a r e  p e r f e c t l y  d i v i s i b l e .  

and a change i n  - K can only  r e s u l t  from a change i n  t h e  f a c t o r  p r i c e  r a t i o ,  
L 

w o r  a change i n  t h e  shape of  t h e  isoquant ( i . e .  because o f  t h e  in t roduc t ion  - 9 

C 

of  t h e  self-rake r eape r  which only requi red  one ope ra to r ) .  2 

Impl i c i t  i n  Figure 1 is t h e  assumption t h a t  r eape r s  a r e  d i v i s i b l e .  

If t h e r e  were no r eape r  r e n t a l  markets o r  cooperat ion between farmers i n  t h i s  

mat ter ,  then  t h e  v e r t i c a l  a x i s  should be measured i n  whole r eape r s  r a t h e r  

2 ~ h e  conclusion t h a t  i n  t h i s  case t h e  capi ta l - labour  r a t i o  i s  independent of 
t h e  s c a l e  of  output  can be s p e l t  out i n  g r e a t e r  d e t a i l .  The production 
func t ion  i s  homogeneous of  degree one. Since t h e r e  a r e  constant  r e t u r n s  
t o  s c a l e  and t h e  production funct ion  is a d d i t i v e  ( i .e .  both techniques may 
be used simultaneously) ,  t h e  obl ique  por t ion  of t h e  isoquant ,  r ep resen t ing  
s i t u a t i o n s  where both  techniques a r e  i n  use ,  i s  t e c h n i c a l l y  f e a s i b l e  
( ~ o r f m a n ,  Samuelson and Solow, p. 300-2). No point  on t h i s  por t ion  of  t h e  
isoquant w i l l  ever  be supe r io r  (i .e.  a lower cos t  s i t u a t i o n )  t o  t h e  corner  
s o l u t i o n s ,  and f o r  a l l  wage-rental r a t i o s  o t h e r  t h a n  t h i s  por t ion  of t h e  
isoquant w i l l  be economically i n f e r i o r  t o  one of t h e  co rne r so lu t ions .  For 
any wage-rental r a t i o  g r e a t e r  than  $ t h e  optimum capi ta l - labour  r a t i o  i s  
1 :2. I f  t h e  wage-rental r a t i o  i s  l e s s  than  8, t hen  t h e  expansion path i s  
t h e  hor i zon ta l  a x i s  and no c a p i t a l  i s  used. Both o f  t h e s e  conclusions 
about t h e  capi ta l - labour  r a t i o  a r e  independent of t h e  s c a l e  of  output.  



than  i n  reaper-days and t h e  isoquant  map should look l ike:-  

g in reape-days I 

F i ~ u r e  2. Isoquant  map f o r  t h e  h a r v e s t i n g  o f  small g r a i n s  under t h e  assump- 
t i o n  t h a t  r e a p e r  s e r v i c e s  a r e  i n d i v i s i b l e .  

A s  ou tput  doubles  from isoquant  1 t o  isoquant  2 labour  requirements  wi th  both 

techniques  double,  but s i n c e  t h e  c r a d l i n g  l abour  requirements  a r e  h ighe r  

a b s o l u t e l y  t h e  s lope  o f  t h e  isoquant  changes.' Now, f o r  a given wage-rental 

r a t i o  , c r a d l i n g  i s  t h e  r a t i o n a l  technique  at output  l e v e l s  1 and 2 and a 

mechanical r eape r  is t h e  r a t i o n a l  choice  at output  l e v e l  4, wh i l e  at output  

3 ~ h e  i soquants  i n  t h i s  ca se  a r e  not cont inuous,  because t h e  assumption o f  addi- 
t i v i t y  no longer  holds.  Thus i f  t h e  farmer has  a r e a p e r  he w i l l  apply  a l l  
h i s  man-days t o  t h a t  technique ,  as long  as h i s  small g r a i n  ac reage  is not  
g r e a t e r  than  t h e  annual  h a r v e s t i n g  c a p a c i t y  o f  a r eape r ,  i .e.  around 110 
a c r e s  ( f o r  farms above t h i s  s i z e  t h e r e  a r e  t h r e e  dominant product ion pro- 
cesses and t h e  eame a n a l y s i s  a p p l i e s ,  but  t h e  number o f  fa rmers  i n  t h i s  sit- 
u a t i o n  was minimal, c f .  Table  VIII i n f r a ) .  The only  t e c h n i c a l l y  f e a s i b l e  
p o s i t  i o n s  a r e  t hen  t h e  co rne r  s o l u t  1 T ( e e g .  p o i n t s  A and B on isoquant  3) .  

Const ruc t ion  o f  l i n e s  between t h e s e  s o l u t i o n s  does,  however, have h e u r i s t i c  
value. It is  t h e  s l o p e  o f  t h i s  non-feasible  p a r t  o f  t h e  isoquant  which 
should be compared t o  t h e  wage-rental r a t i o  i n  o r d e r  t o  determine t h e  l e a s t  
cos t  technique f o r  a g iven  output .  S ince  t h i s  s l o p e  changes as output  
i n c r e a s e s ,  t h e  expansion pa th  i e  non-l inear ,  e.g. at a wage-rental r a t i o  of  
ot t h e  expansion pa th  is  OABC. 



l e v e l  3 t h e  farmer w i l l  be i n d i f f e r e n t  between t h e  two techniques.  Thus, i n  

t h e  presence o f  an indivisible reape r  t h e  expansion pa th  i s  2-shaped and we 

no longer  have K a - but r a t h e r  t h a t  K = f  , where Q is  output  ( i .e .  - 
L L 

a c r e s  harves ted) .  One view even a s c r i b e s  t o  t h e  s i z e  o f  t h e  market t h e  major 

p a r t  o f  t h i s  r e l a t i o n s h i p ,  e.g. Kaldor ( fo l lowing  A. Smith and young) sug- 

g e s t s  t h a t  - K = f  (Q) i n  p rac t i ce .  
L 

Thus economic theo ry  i n d i c a t e s  t h r e e  r e l e v a n t  s e t s  o f  v a r i a b l e s  i n  

e x p l a i n i n ~  t h e  adoption of a more c a p i t a l  i n t e n s i v e  technique:  f a c t o r  p r i c e s ,  

t e c h n i c a l  change4 and t h e  s c a l e  of  opera t ions .  Our a i m  i s  t o  determine 

whether t h e s e  t h r e e  s e t s  of v a r i a b l e s  a r e  s u f f i c i e n t  t o  exp la in  t h e  r a t e  of 

d i f f u s i o n  of r e a p e r s  i n  Ontar io ,  and i f  so what i s  t h e i r  r e l a t i v e  importance. 

S u r p r i s i n g l y  few a t t e m p t s  have been made t o  exp la in  t h e  i n t r o d u c t i o n  

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

al  view of  Canadian economic h i s t o r y  (as expounded by Skel ton ,  Mackintosh? 

Buckley, Caves and Holton, i n t e r  a l i a )  t h a t  t h e  y e a r s  a f t e r  t h e  Crimean War 

boom o f  t h e  1850s were a per iod  o f  l l secular  depression" u n t i l  i n  1896 "Canada's 

hour had come" i n  t h e  wheat boom. I n  consequence, a p a r t  from a few s t u d i e s  

on t h e  t r a n e c o n t i n e n t a l  r a i lways  and commercial p o l i c y ,  economic h i s t o r i a n s  

have u n t i l  r e c e n t l y  pa id  l i t t l e  a t t e n t i o n  t o  t h e  1860-90 period. T h i s  view 

has  been chal lenged by F i r e s t o n e  who found h i g h e r  pe r  c a p i t a  growth r a t e s  f o r  

1867-96 than  f o r  t h e  1867-1967 per iod  as a whole (e.g. F i r e s t o n e  1969, p. 123), 

and concluded t h a t  an  i n d u s t r i a l  r e v o l u t i o n  took  p l ace  i n  Canada i n  t h e  1860s 

and 1870s wi th  t h e  i n t r o d u c t i o n  o f  t h e  f a c t o r y  system  irest stone 1960, p. 230). 

I 
f 

I 
4 ~ e c h n i c a l  change is de f ined  as any th ing  which a l t e r s  t h e  shape of  t h e  1 soquant 

map. Here we a r e  s p e c i f i c a l l y  concerned wi th  t e c h n i c a l  change which is 

i labou-saving i n  t h e  Hicksian sense. 



T h i s  " r e v i s i o n i s t "  view of  t h e  time-path of Canadian economic development 

receivzi! f ' u r t h e r  s ta t  i n i i c d  support from t h e  e s t i m a t e s  of  manufacturing out- 

put by Bertram and McDougall. 

Although t h i s  new view has  become widely accepted ,  it has not  y e t  

produced any d isaggrega ted  s t u d i e s  which at tempt  t o  l o c a t e  p r o d u c t i v i t y  in- 

c r e a s e s  i n  t h e  1860s. An obvious p lace  t o  look i s  a g r i c u l t u r e ,  which was t h e  

dominant s e c t o r  i n  t h e  economy at t h a t  t ime and which was undergoing a major 

change i n  t h e  mechanization of  ha rves t  ope ra t ions .  One s e c t o r  i n  which t h e  

i n t r o d u c t i o n  o f  t h e  f a c t o r y  system w a s  o c c u r r i n g  w a s  t h e  a g r i c u l t u r a l  imple- 

ment i n d u s t r y ,  whose main product i n  t h e  1860s was t h e  reaper .  We w i l l  not 

be d e a l i n g  d i r e c t l y  wi th  t h e  con t r ibu t ion  t o  growth aspec t  o f  t h e  in t roduc t ion  

o f  t h e  r eape r ,  but i t  seems reasonable  t o  assume t h a t  t h i s  c o n t r i b u t i o n  was 

~ i g n i f i c a n t  and t h a t  t h e  pauci ty  of  l i t e r a t u r e  on t h e  in t roduc t ion  of  t h e  

r eape r  i s  not a r e f l e c t i o n  of  t h e  importance o f  t h e  event. 

Some d i scuss ion  of  why r eape r s  were introduced i n  Ontar io  i n  t h e  

1860s is conta ined  i n  Fred Landon's a r t i c l e  on t h e  e f f e c t s  of t h e  American 

C i v i l  War on Canadian a g r i c u l t u r e .  Landon saw t h i s  as a major change i n  a 

c r i t  i c a l  per iod  of Canadian his tory:-  

"Amone t h e  a g r i c u l t u r a l  changes of  t h e  C i v i l  War period none i s  
more n o t i c e a b l e  than  t h e  s t imu lus  given t o  t h e  in t roduc t ion  and 
u s e  of  labor-saving farm machineryt1  a and on, p. 167) 

The"stimulusl' was not i n  t h e  form o f  a shor tage  o f  labour ;  some Canadians 

l e f t  to  en1 ist i n  1864 when boun t i e s  were high,  but an  o f f s e t t i n g  northward 

flow o f  draf t -dodgers  "tended t o  dep res s  wages i n  some o f  t h e  t r a d e s ,  but had 

no v i s i b l e  e f f e c t  on t h e  farm l abour  s i t u a t i o n "   a and on, p. 168). Landon 

g i v e s  no d a t a  on t h e  p r i c e  of  a g r i c u l t u r a l  machinery, but does mention a shor t -  

age of  currency which, he claimed, l e d  t o  h igh  i n t e r e s t  r a t e s .  Thus he iden- 
i 
i t i f i e s  a reduced wage-rental r a t i o  as a consequence o f  t h e  C i v i l  War, but t h i s  



would scarcely be a s t imu lus  t o  t h e  i n t r o d u c t i o n  of labour-saving machinery. 

.... 
,me puzz le  1s so lved  when he makes t h e  increased  demand f o r  g r a i n ,  which 

accompanied t h e  war, t h e  s t imu lus  f o r  t h e  i n t r o d u c t i o n  o f  t h e  labour-saving 

technique.  Thus, t h e  s h i f t  i n  demand f o r  g r a i n  i s  not on ly  more s i g n i f i c a n t  

t han  t h e  chance i n  f a c t o r  p r i c e s ,  but i s  so by an  ex t r ao rd ina ry  degree ,  s i n c e  

i t  h a s  t o  o f f s e t  t h e  oppos i t e  e f f e c t  o f  a reduced wage-rental r a t i o .  

The o t h e r  noteworthy a g r i c u l t u r a l  h i s t o r y  of  t h e  per iod  is t h a t  o f  

Jones ,  whose chap te r  on t h e  C i v i l  War is based on Landonfs  work. Jones ,  how- 

eve r ,  saw labour  market cond i t i ons  as r e i n f o r c i n g ,  r a t h e r  t han  reducing,  t h e  

e f f e c t  o f  t h e  s h i f t  i n  f i n a l  demand:- 

"It was n a t u r a l  t h a t  wheat growers should buy r e a p e r s  as soon as 
t h e  high p r i c e  of wheat and l abour  made t h e i r  u s e  economical" 
 ones, p. 96) 

I t  i s  unc lea r  which o f  t h e s e  high p r i c e s  Jones  considered t h e  more important.  

Apart from t h e s e  a g r i c u l t u r a l  h i s t o r i e s ,  t h e  only  d i scuss ion  of t h e  

i n t r o d u c t i o n  o f  t h e  r e a p e r  i n  Canada is  i n  t h e  bus ines s  h i s t o r i e s  of  t h e  

a g r i c u l t u r a l  implement indus t ry .  P h i l l i p s '  s t anda rd  h i s t o r y  o f  t h e  indus t ry  

is concerned wi th  i n d u s t r i a l  o r g a n i z a t i o n  r a t h e r  t han  causes  o f  expansion, 

and i n  connect ion w i t h  t h e  l a t t e r  ques t ion  t e n d s  t o  be encyclopaedic r a t h e r  

than  ana ly t i ca l : -  

"The economic c o n d i t i o n s  o f  t h e  s i x t i e s  favoured growth i n  t h e  
indus t ry .  The completion of  a number o f  a d d i t i o n a l  l o c a l  rail- 
ways, t h e  sho r t age  o f  farm l abour  occasioned by t h e  demands of  
t h e  ra i lway b u i l d e r s  and by t h e  American C i v i l  War, t h e  spec- 
t a c u l a r  i n c r e a s e s  i n  t h e  p r i c e  o f  wheat i n  1864 and 1867, t h e  
cont inued e x p l o i t a t i o n  o f  American p a t e n t s  by Canadian manu- 
f a c t u r e r s ,  and t h e  almost complete absence o f  American competi- 
t i o n  d u r i n g  t h e  C i v i l  War y e a r s ,  a l l  paved t h e  way f o r  
expansion." ( ~ h i l l i p s ,  p. 40) 

It i o  not  c l e a r  which of  t h e s e  causes  he s e e s  as t h e  most s i g n i f i c a n t ,  and 

With some o f  them it i s  not easy t o  s e e  any s i g n i f i c a n c e  at all. He have 

a l r eady  mentioned t h a t  American competi t ion had l i t t l e  s i g n i f i c a n c e  f o r  t h e  



Canadian market by 1860; a f a c t  confirmed by P h i l l i p s  himself:- 

"The two industries grew up around t h e i r  r e s p e c t i v e  markets i n  
t h e  n i n e t e e n t h  century ,  n e i t h e r  do ing  much t r a f f i c  a c r o s s  t h e  
i n t e r n a t i o n a l  boundary." ( ~ h i l l i ~ s ,  p. 37) 

Nor i s  t h e r e  evidence of' any major change i n  t h e  r a t e  of  u t i l i z a t i o n  of 

American p a t e n t s  d u r i n g  t h e  1860s. 

Two o f  P h i l l i p s '  arguments, t h a t  r i s i n g  farm wages and high wheat 

p r i c e s  occassioned t h e  increased  demand f o r  r e a p e r s  i n  t h e  1 8 6 0 ~ ~  a r e  s t r e s s e d  

by Denieon i n  h i s  h i s t o r y  o f  Massey-Harris:- 

"The outbreak  o f  t h e  C i v i l  War i n  t h e  United S t a t e s  brought pros- 
p e r i t y  t o  Canadian agriculture and t o  t h e  c o u n t r y ' s  embyonic 
implement indus t ry .  Not only  was t h e r e  a s teady  demand f o r  
farm produce at increased  p r i c e s ,  but young Canadians i n  l a r g e  
numbers ( h i s t o r i a n s  e s t ima te  as many as 40,000) c rossed  t h e  
border  t o  j o in  t h e  Union A r m i e ~ . ~ '   enis is on, p. 45) 

Th i s  conclusion i s  p a r t l y  v i t i a t e d  by doubts  about t h e  f i g u r e  40,000 which i s  

not documented. A similar f i g u r e  was given i n  a speech by S i r  John Macdonald, 

as being tne number o f  Canadians s e r v i n g  i n  t h e  Northern Army, but t h i s  inclu-  

ded Canadian r e s i d e n t s  i n  t h e  United S t a t e s  who e n l i s t e d     and on, p. 168). 

Since Denison a l s o  n e g l e c t s  t h e  r e v e r s e  flow o f  d r a f t  dodgers,  it  is doubtful  

whether migra t ion  induced by t h e  war was s u f f i c i e n t  t o  a l t e r  t h e  wage r a t e  

much by i t s e l f .  

I n  h i e  more r ecen t  s tudy  of  t h e  same co rpora t ion ,  Neufeld i s  con- 

cerned with i t s  c u r r e n t  o r g a n i z a t i o n  r a t h e r  t han  i t s  e a r l y  development, but he 

does make some a l l u s i o n  t o  t h e  company's h i s to ry .  He p r i m a r i l y  s t r e s s e s  t h e  

a g r i c u l t u r a l  l abour  sho r t age  i n  t h e  f a c e  o f  abundant land and demand f o r  

i n d u s t r i a l  l abour ,  which provided t h e  impetus f o r  adop t ing  labour-saving techni -  

ques ( ~ e u f e l d ,  pp. &9), but i n  t h e  s p e c i f i c  contex t  o f  t h e  1860s he a l s o  

mentions h ieh  g r a i n  p r i c e s  and t h e  a v a i l a b i l i t y  of  new techniques  i n  harves t -  

i n g  machinery ( ~ e u f e l d ,  p. 16).  Th i s  last poin t  sugges t s  t h a t  improved 

reapera  i n  t h e  1860s provide a case:- 



"... o f  a major t echno log ica l  development i n  farm machinery t h a t  
~ u d d e n l y  reduced c o s t a  of  farm product ion and l e f t  some farm 
labour redundant." ( ~ e u f ' e l d ,  p. 9)  

If Neufeld is  c o r r e c t ,  then  t e c h n i c a l  change (presumably t h e  development of  

t h e  se l f - rake  r e a p e r )  was a s i g n i f i c a n t  cause o f  t h e  r ap id  reaper  d i f f u s i o n  o i  

t h e  1860s. 

Thus t h e  h i s t o r i c a l  l i t e r a t u r e  sugges t s  t h a t  a l l  t h r e e  s e t s  o f  va r i -  

a b l e s  ( f a c t o r  p r i c e s ,  t e c h n i c a l  chance and s c a l e  of  o p e r a t i o n s )  a r e  r e l evan t  

to  t h e  spread o f  t h e  r eape r  i n  Canada, but it provides  l i t t l e  guide a s  t o  t h e i r  

r e l a t i v e  importance. Landon emphasizes t h e  increased  demand f o r  t h e  f i n a l  

product. Jones,  Denison and P h i l l i p s  s t r e s s  t h i s  and t h e  shor tage  o f  l abour ,  

whi le  Neufeld emphasizes labour  s c a r c i t y  and t e c h n i c a l  change. 

A f u r t h e r  r e l evan t  v a r i a b l e  i s  suggested i n  Hutchinson 's ,  biography 

o f  C. H. McCormick. I n  explana t ion  of why McCormick r eape r s  d i d n ' t  s e l l  wel l  

i n  Canada, an agent  o f  t h e  company i s  quoted as saying:- 

"The Canadians a r e  c l ann i sh  and s t r o n g l y  p r e j u d i c i a l "  and "where 
a machine g e t s  a r i g h t  start and works up t o  t h e  mark ... it is  
hard t o  convince them t h a t  any o t h e r  ... w i l l  do" ( ~ u t c h i n s o n  11, 
P. 647) 

Thi s  may have been sour  grapes ,  and indeed Canadian farmers  had good reason 

t o  purchase t h e  cheaper domestic products.  Never the less ,  t h e r e  i s  t h e  charge 

o f  l ack  o f  good bus ines s  sense which has o f t e n  been l e v e l l e d  at t h e  Canadian, 

e s p e c i a l l y  i n  t h e  form o f  c h a r a c t e r i z i n g  him as more conserva t ive  and l e s s  

e n t e r p r i s i n g  than  h i s  American counterpar t .  T h i s  i s  s t i l l  t o  be heard today 

i n  t h e  debate  over  f o r e i g n  ownership ( ~ a t k i n s ) .  I n  t h e  context  o f  t h e  present  

s tudy it  is  c l e a r l y  a s u f f i c i e n t  explana t ion  o f  Canadian t a r d i n e s s  i n  reaper  

adoption,  but on t h e  o t h e r  hand it  is s c a r c e l y  very en l igh ten ing  and incapable  

o f  g e n e r a l i z a t i o n  t o  o t h e r  coun t r i e s .  Furthermore, t h e  cu r r en t  deba te  on t h e  

c l i m a c t e r i c  i n  n ine t een th  century  England sugges t s  t h a t  apparent  d e f e c t s  i n  

en t repreneursh ip  may merely mask t h e  r e a l  reasons  f o r  f a i l u r e  t o  fo l low t h e  



most innovat ive  course  of a c t i o n  ( ~ c ~ l o s k e ~ ) .  Thus, i f  we do f i n d  a s u i t a b l e  

expitlnirtlon of  r eape r  adopt ion  based on economic r a t i o n a l i t y ,  it w i l l  have t h e  

consequence o f  r e v e a l i n g  t h e  "conserva t ive  Canadian" image as a red  h e r r i n g ,  

at l e a s t  i n  t h i s  case.  

To conclude t h i s  survey of  t h e  l i t e r a t u r e  on t h e  mechnization of  

a g r i c u l t u r e  i n  t h e  1860s, mention may be made of  a r ecen t  s tudy  of  a s i m i l a r  

problem i n  a l a t e r  per iod  o f  Canada's development. Norr ie  i n  h i s  work on t h e  

P r a i r i e s '  wheat economy 1911-46 is  p r i m a r i l y  concerned w i t h . e v a l u a t i n g  t h e  

degree  o f  c a p i  t a l / l a b o u r  s u b s t i t u t i o n  and t h e  b i a s  o f  t e c h n i c a l  change, but 

he a l s o  found t h a t  "average farm s i z e  was a s i g n i f i c a n t  and c o n s i s t e n t  de t e r -  

minant of l abour  p roduc t iv i ty"  ( ~ o r r i e ,  p. 16). T h i s  p o i n t s  t o  t h e  s c a l e  

f a c t o r ,  but it must be emphasized t h a t  t h i s  i s  not  t h e  major t h r u s t  o f  

Norr ie1  s argument. 

Apart from t h e  l i t e r a t u r e  on Canada, t h e r e  i s  a l s o  a body o f  w r i t i n g  

on t h e  d i f f u s i o n  of  new techniques  which is o f  i n t e r e s t  i n  t h e  present  contex t .  

One branch o f  t h i s  has  been concerned wi th  measuring and exp la in ing  t h e  l a g  

between t h e  inven t ion  o f  a new technique  and i t s  economic a p p l i c a t i o n    nos). 4 a 

An important ques t ion  he re  i s  whether t h e  l a g  occu r s  because of  t h e  need f o r  

t e c h n i c a l  improvements t o  t h e  b a s i c  i nven t ion  o r  because o f  changes i n  

economic condi t ions .  We w i l l  r e t u r n  t o  t h i s  q u e s t i o n  i n  chap te r  6. A second 

branch of  t h e  d i f f u s i o n  l i t e r a t u r e  has  been concerned with s tudy ing  t h e  pat- 

t e r n  of d i f f u s i o n .  Rather  t han  a l l  economic u n i t s  swi tch ing  s imultaneously 

4 a ~ a l t e r  i s  a l s o  concerned wi th  t h i s  ques t ion  ( s a l t e r  ch. 4-6). He exp la ins  
t h e  r a t e  o f  adopt ion  o f  t h e  b e s t  p r a c t i c e  technique  i n  te rms  o f  t h e  g r o s s  
investment r a t e ,  i.e. it i s  s t r o n g l y  a f f e c t e d  by t h e  r a t e  at which f i r m s  
r e p l a c e  t h e i r  e x i s t i n g  capi ta l : -  "... t h i s  i n a b i l i t y  t o  r e a l i z e  t h e  f u l l  p o t e n t i a l  of t e c h n i c a l  p rog res s  

a r i s e s  out  o f  t h e  ex i s t ence  o f  f i x e d  c a p i t a l  equipment which i n h i b i t s  
immediate adjustment  t o  a flow o f  new techniques1'  ( s a l t e r  p. 66) 

S ince  t h e  r e a p e r  rep laced  a technique  which used no c a p i t a l ,  h i s  d i f f u s i o n  
a n a l y s i s  concen t r a t ing  on replacement r a t e s  is not  r e l evan t  t o  t h e  present  
contex t  . 



from not u s ing  a g iven  technique  t o  u s i n g  i t ,  t h e  t y p i c a l  d i f f u s i o n  p a t t e r n  

1s one ot' slow adoption a t  first,  followed by a more r ap id  r a t e  and then  

f l a t t e n i n g  out  t o  approach some s a t u r a t i o n  l e v e l  asymptot ica l ly .  On a graph 

where t h e  a b s c i s s a  measures t ime and t h e  o r d i n a t e  measures t h e  proportion of 

u n i t s  u s ing  t h e  new technique ,  t h i s  produces an S-shaped curve ( ~ a n s f i e l d ,  

C r i l i c h e s ,  ~ a g e r e t r a n d ) .  From t h e  d e s c r i p t i o n  given above, t h e  r a t e  o f  reaper  

adoption i n  Canada appears  t o  have f i t  t h i s  pa t t e rn .  The consequence o f  t h i s  

f o r  o u r  s tudy  i s  t h a t  we cannot adopt a completely agg rega t ive  model, but 

must a l low f o r  v a r i a t i o n  between fa rmers ,  i .e .  i n  1860 some farmers  d i d  possess  

r e a p e r s  though t h i s  was uncommon and i n  1870, al though r eape r s  were used by 

many farmers ,  a g r e a t  many s t i l l  d i d  not u se  them. 

The ex tens ive  l i t e r a t u r e  on t h e  choice  of  technique  i s  a l s o  rele-  

vant t o  o u r  study. The bare bones o f  t h e  t h e o r e t i c a l  l i t e r a t u r e  have a l r eady  

been presented ,  a l though more e x i s t s  i n  t h e  a r e a s  o f  growth t hec ry  and develsp- 

men* e c ~ n o m i c s . ~  Of more d i r e c t  i n t e r e s t  i s  t h e  h i s t o r i c a l  deba te  over  why 

t h e  U.S.A. adopted more l a b o u r s a v i n g  techniques  than  t h e  U.K. i n  t h e  nine- 

t e e n t h  century.  The c e n t r a l  f i g u r e  i n  t h i s  deba te  has  been Habakkuk who pro- 

duced a bar rage  o f  arguments which at t imes  appear  confusing but whose c e n t r a l  

point  i s  t h a t ,  because land was p l e n t i f u l ,  t h e  oppor tun i ty  cos t  o f  wage 

labour  was h ighe r  i n  t h e  U.S.A. than  i n  Ehgland and t h u s  t h e r e  was g r e a t e r  

i n c e n t i v e  t o  adopt labour-saving t echn iques  t h e r e .  T h i s  is of  course r e l a t e d  

 he major works a r e  Sen, S a l t e r  ( ~ h .  1-3) and Hicks (esp .  ch. VI) .  Hlck's 
theory  o f  induced innovat  i on ,  whlch s t r e s s e s  t h e  r o l e  of  r e l a t i v e  f a c t o r  
p r i c e s  i n  i n f luenc ing  t h e  b i a s  of  innovat ion ,  h a s  been developed i n  an 
a g r i c u l t u r a l  contex t  i n  Hayami & Ruttan. These works a r e  o f  l i t t l e  u s e  he re  
because they  argue  i n  an "aggregat iveff  con tex t ,  which has been r e j e c t e d  as a 
r e l evan t  approach t o  t h e  cu r r en t  problem ( c f .  l a s t  sen tence  o f  t h e  previous  
paragraph) .  T h i s  c r i t i c i s m  a l s o  a p p l i e s  t o  Habakkuk's work d iscussed  i n  t h e  
p re sen t  paragraph, but  i n  t h i s  ca se  t h e  ensuing  deba te  produced a model which 
i e  capable  of  a d i s a g g r e g a t i v e  approach. 



t o  the  e a r l  I e r  mentioned debat c ove r  whether Encl l s h  en t r ep reneur s  were 

raiionni no t  t o  adopt t hese  new techniques.  I n  t h e  Canadian context  t h e  ques- 

t i o n  a r i s e s  of  whether t h e  i n f e r i o r i t y  of t h e  land i n  c e n t r a l  Canada r e l a t i v e  

t o  t h a t  o f  t h e  American Midwest is s u f f i c i e n t  explana t ion  of t h e  slower adon- 

t i o n  of  t h e  reaper .  

The most important c o n t r i b u t i o n  t o  t h e  above debate  so f a r  as t h i s  

s tudy  i s  concerned i s  t h e  work of  David (1966, 1971 ), who t r i e s  t o  expla in  

why r eape r s  were introduced i n  t h e  1850s i n  t h e  U.S.A. and why t h e  process  was 

much slower i n  B r i t a i n .  David 's  hypothes is  i s  t h a t  r e a p e r s  w i l l  on ly  be 

p r o f i t a b l e  on farms above a c e r t a i n  acreage  of small g r a i n s ,  and t h a t  t h i s  

t h re sho ld  u i ze  w l l l  vary i n v e r s e l y  wi th  t h e  r a t i o  of  t h e  c o s t  o f  farm labour  

t o  t h e  cos t  o f  t h e  machine; e.g. i n  F igure  2 f o r  t h e  wage-rental r a t i o u  t h e  

thretlhold s i z e  i s  t h e  farm s i z e  a s s o c i a t e d  wi th  isoquant  3. I n  apply ing  t h i s  

model t o  t h e  i n t r o d u c t i o n  o f  r e a p e r s  i n  t h e  U.S.A. i n  t h e  185Os, David found 

t h a t  r educ t ions  i n  t h e  th re sho ld  s i z e  were more important t h a n  any exogenous 

inc rease  i n  average farm s i z e .  Although farms were sma l l e r  i n  B r i t a i n  t han  

i n  t h e  U.S.A., t h e  major d i f f e r e n c e  vis-a-vis t h e  adoption o f  r eape r s  was t h a t  

much more land improvement was requ i r ed  be fo re  r e a p e r s  could be u t i l i z e d  i n  

B r i t a i n ,  i . c .  t h e  c a p i t a l  c o s t s  were l a r g e r  t he re .  Thus, David 's  conclusion 

is e s s e n t i a l l y  an a s s e r t i o n  of  t h e  primacy of f a c t o r  p r i c e s  i n  de te rmining  

f a c t o r  propor t ions .  

The model which we w i l l  apply  t o  Canada i s  based on David ' s  concept 

of  a threshold  farm s i ze .  The major ex tens ion  i s  t h a t  we w i l l  compare t h e  

th re sho ld  s i z e  with t h e  d i s t r i b u t i o n  o f  farm s i z e s ,  r a t h e r  than  jus t  wi th  t h e  

average farm s i z e .  Q u a n t i f i c a t i o n  of  t h e  p red ic t ed  adopt ion  o f  r e a p e r s  at 

any ~ i v e n  t ime w i l l  depend on t h e  shape o f  t h i s  d i s t r i b u t i o n  as well  a s  i ts  

mean. If  t h e  model provides  a good explana t ion  of  t h e  r a t e  o f  r eape r  adop- 



t i o n ,  then we can d i s a m r e g a t e  t h e  causes  of r ap id  d i f f u s i o n  and e s t ima te  t h e  

reitriive importance of  changes i n  f a c t o r  p r i c e s ,  t echno log ica l  cond i t i ons  and 

t h e  s c a l e  of  ope ra t ions .  The i n t r o d u c t i o n  of  t h e  farm s i z e  d i s t r i b u t i o n s  is 

important he re  because, i f  t h e  d i s t r i b u t i o n  i s  asymmetrical,  t h e  conclus ions  

reached by looking  only  at average  farm s i z e  may be wrong ( c f .  chap te r  6). 

David 's  work has been c r i t i c i z e d  f o r  be ing  s i m p l i s t i c ,  i n  p a r t i c u l a r  

f o r  i m o r i n g  t h e  p o s s i b i l i t y  of  coopera t ion  ( ~ a v i s ,  p. 87-8; McCloskey, 

p. 206-14). The consequence of  coopera t ion  f o r  t h e  model i s  t h a t  it w i l l  f a i l  

t o  p red ic t  any r eape re  owned by coope ra t ing  sub-threshold-size farmers  o r  by 

r eape r  r e n t a l  i n s t i t u t i o n s .  The ex ten t  of coopera t ion  depends on t h e  l e v e l  of 

t r a n s a c t i o n s  c o s t s ;  i f  t h e s e  a r e  ze ro ,  t hen  r e a p e r  s e r v i c e s  a r e  p e r f e c t l y  

d i v i s i b l e  and s c a l e  of  ope ra t  i ons  i s  not  a determinant  of f a c t o r  p ropor t ions ,  

whereof3 i f  they  a r e  i n f i n i t e  t h e r e  can be no p r o f i t a b l e  cooperat ion and 

David 's  t h re sho ld  s i z e  remains app l i cab le .  The s t r o n g e s t  argument a p i n s t  t h e  

e x i s t e n c e  of  coopera t ion  over  r e a p e r s  i n  Ontar io  1850-70 is t h a t  t h e r e  is no 

empir ica l  evidence o f  it. Some arguments a s  t o  why t r a n s a c t i o n s  c o s t s  might 

have been high a r e  g iven  i n  chap te r  3. The s t r o n g e s t  o f  t h e s e  arguments i s  

t h a t  t h e  p a t t e r n  o f  landhold ings  and t h e  geographical  cond i t i ons  i n h i b i t e d  t h e  

movement of r e a p e r s  between p o t e n t i a l  coope ra to r s '  farms. Random samples of 

farms from t h r e e  c o u n t i e s  provide t h e  b a s i s  f o r  t e s t s  o f  t h i s  argument. The 

case  a p i n s t  coopera t ion  i s  far from proven, but i s  s u f f i c i e n t l y  s t r o n g  t o  

suggest t h a t  coopera t ion  w a s  uncommon; a conclus ion  implying t h a t  o u r  es t imated  

number of r e a p e r s  w i l l  be b i a s sed  downwards, but not  s u f f i c i e n t l y  t o  i n v a l i d a t e  

uee o f  t h e  model. 

A f u r t h e r  problem wi th  t h e  model i s  t h e  p o s s i b i l i t y  of  r eve r se  

c a u s a l i t y ;  i n  p a r t i c u l a r ,  i s  it v a l i d  t o  t r e a t  small g r a i n s  acreage  and t h e  

distribution of  farm s i z e s  as exogenous o r  a r e  t hey  determined, i n  whole o r  i n  



p a r t ,  by o t h e r  v a r i a b l e s  i n  t h e  model? If t h e  a v a i l a b i l i t y  o f  t h e  r e a p e r  

R ! ?  nz-? t h~ d i r ; t  ri b u t  ,on o T farm s i z e s  o r  encourages  i n c r e a s e d  a c r e a g e ,  t h e n  

we would be wrong t o  a s c r i b e  a c a u s a l  r o l e  t o  t h e  l a t t e r  phenomena. The 

queution o f  what d e t e r m i n e s  fa rms '  a c r e a g e  and whe ther  t h e  farm s i z e  d i s t r i -  

b u t i o n  can r e a s o n a b l y  be t r e a t c d  as independent  from t h e  a v a i l a b i l i t y  o f  t h e  

r e a p o r  i n  exnained i n  c h a p t e r  4. 

Al thouch t h e r e  are o t h e r  problems r e g a r d i n s  t h e  s p e c i f i c a t i o n  of'  t h e  

model, t h e  d a t a  and t h e  d e r i v a t i o n  o f  r e s u l t  3, t h e  problems o f  c o o p e r a t i o n  

and r e v e r n e  c a u s a l i t y  a r e  t h e  most c r i t i c a l .  They a r e ,  however, c r i t i c a l  f o r  

d i f f e r e n t  r easons .  The e x i s t e n c e  o f  widespread c o o p e r a t i o n  o v e r  r e a p e r s  

would i n v a l i d a t e  t h e  whole t h r e s h o l d  s i z e  approach ,  w h i l e  r e v e r s e  c a u s a l i t y  

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

t lor1 o f  r e a p e r  adop t  ion .  

I n  t h i s  c h a p t e r  we have seen  t h a t  r e c e n t  r e s e a r c h  h a s  p o i n t e d  t o  t h e  

1860:1 a n  FI c r i t i c a l  per iod i n  Canadian economic development.  The r a p i d  

d i f ' f u s i o n  o f  t h e  mechanical  r e a p e r  was a n  impor tan t  component o f  t h i s  t r a n s i -  

t i o n  p e r i o d ,  but  t h e r e  i s  l i t t l e  r i g o r o u s  a n a l y s i s  o f  t h i s  phenomenon i n  t h e  

h i s t o r i c a l  1 i t e r a t u r e .  The l i t e r a t u r e  d o e s  s u g g e s t  t h a t  t h e  major e x p l a n a t o r y  

v a r i a h l . s n  were f a c t o r  p r i c e s ,  denand f o r  small g r a i n s  and t e c h n i c a l  improve- 

ments i n  r e a p e r  d e s i g n ,  hu t  t h e  w e i g h t s  o f  t h e s e  f a c t o r s  a r e  unknown. The 

model which we pro2ose p e r m i t s  a n  a n a l y s i s  o f  t h e  c f f e c t s  o f  t h e s e  t h r e e  

v a r i a l l e s  on r e a p e r  adop t ion .  A s p e c i f i c  s t a t e m e n t  o f  t h e  rnodel i s  c i v e n  i n  

c h a p t e r  2. 



CHAPTER I1 

THE MODEL 

The iilodol ~ i i i c i l  i s  i o  be used t o  ana lyze  t h e  r a t e  of  d i f f u s i o n  o f  

t h e  ronper  i n  Canada is  formal ly  s e t  out  i n  t h e  f i r s t  s e c t i o n  of  t h i s  chapter .  

The th re sho ld  s i z e  concept i s  then  expressed g r a p h i c a l l y ,  where t h e  n e c e s s i t y  

f o r  a r i s i n g  l o n g ~ r u n  marginal c o s t  curve becomes apparent .  Following t h i s ,  

scme b g r a m m & i c  i l l u s t r a t i o n s  o f  t h e  importance o f  t h e  shape o f  t h e  farm s i z e  

d i s t r i b u t i o n  a r e  given. F i n a l l y ,  t h e  method by which p r e d i c t i o n s  o f  t h e  r a t e  

of r eape r  adopt ion  a r e  t o  be obta ined  from t h e  model is explained. 

1. The Basic  Model 

The frequency d i s t r i b u t i o n  f o r  small g r a i n  acreage  per  farm is:- 

(1 ) F = ( )  = ( , , . . ) where x = small g r a i n  
acreage  pe r  farm. 

where F is t h e  number o f  farms o f  any given s i ze .  Using David's " threshold  

eiae" aesumptisn, t he  p r o p o r t i o n  o f  farms ue ing  r e a p e r s  ( R )  can be de r ived  

from ( 1 )  by:- 
/= 

( 2 )  R = f (x) .  dx where ST - t h e  t h r e s h o l d  farm s i ze .  

A 

For a normal d i s t r i b u t i o n  equat ion  ( 2 )  can be r ep re sen ted  g r a p h i c a l l y  by:- 

IN 
Number 
of' farms 

I 

I 
I acreage  per  farm 

F igu re  3. Graphical r e p r e s e n t a t i o n  of  t h e  p r e d i c t e d  p ropor t ion  o f  farms 
ue ing  reapers .  



W i t h  t h e  atmsre i n f o r m a t i o n  we could a l s o  d e r i v e  t h e  t o t a l  a c r e a g e  h a r v e s t e d  

by ? J V ~ ~ ~ : ~ ~ ~ ~  (!! ) by ;r;tti;:.ntin,: tiLe c u m i a i l v e  f requency  f 'unct lon associated It 
x 

w ( 1 ,  . ( x )  = :(x). d x ,  o v e r  t h e  r e l e v a n t  range:- 

( )  A = A -  where A = t o t a l  a c r e a g e  under  
small g r a i n s  

Thus,  f o r  any g i v e n  farm s i z e  f requency  d i s t r i b u t i o n '  and v a l u e s  o f  A and 

S we can e s t  m a t e  ( a )  t h e  p r o p o r t i o n  o f  fa rms  p o s s e s s i n g  r e a p e r s  and ( b )  t h e  T 

t o t a l  small g r a i n  a c r e a g e  h a r v e s t e d  w i t h  r e a p e r s .  I t  shou ld  be no ted  t h a t  t h e  

v a r i a b l e  A ,  as w e l l  as e n t e r i n g  i n t o  e q u a t i o n  ( 3 ) ,  a l s o  a f f e c t s  f ( x ) ,  s i n c e  

Px is  e q u a l  t o  A d i v i d e d  by t h e  t o t a l  number o f  farms. 

The t h r e s h o l d  farm s i z e  i n  a c r e s  o f  small g r a i n s  t o  be h a r v e s t e d  

is d e f i n e d  as t h a t  s i z e  where:- 

i = 1 ,  ..., S d e s i g n a t e s  t h e  a c r e  T 
i n  t h e  sequence o f  a c r e s  h a r v e s t e d .  

where LR = t h e  number o f  rnan-da,ys o f  l a b o u r  d i s p e n s e d  w i t h  by mecha.r?iza?.icn, 

p e r  a c r e  h a r v e s t e d ,  w = t h e  money c o s t  t o  t h e  f a r m e r  o f  a man-day o f  h a r v e s t  

l a b o u r ,  c  = t h e  annua l  money c o s t  o f  a r e a p e r  t o  t h e  farmer .  Assuming l i n e a r  

c o s t  functions f o r  t h e  two p r o c e s s e s  ( c r a d l i n g  and mechanical  r e a p i n g )  o v e r  

t h e  r e l e v a n t  range ,  i. e. c o n s t a n t  r e t u r n s  t o  s c a l e ,  ( 4 )  can be r e w r i t t e n : -  

1  
To be p r e c i s e  we shou ld  say  "f requency d i s t r i b u t i o n  o f  small g r a i n  a c r e a g e  
p e r  farm1'. S i n c e  c o n s t a n t  r e f e r e n c e  is  t o  be made t o  t h i s  d i s t r l b u t l o n ,  t h e  
a h o r t e r  t i t l e  o f  "farm s i z e  d i s t r i b u t i o n ' '  w i l l  be used i n  a l l  c a s e s  where no 
c o n f u s i o n  a r i s e s .  S i m i l a r l y ,  S i s  r e f e r r e d  t o  as " t h r e s h o l d  farm s i z e "  

T 
r a t h e r  t h a n  t h e  more p r e c i s e ,  but  more awkward, " t h r e s h o l d  small g r a i n  
acreage. 



Expressions ( 4 )  - ( 6 )  r ep re sen t  t h e  f a rmer ' s  purchase dec i s ion  under cond i t i ons  

of  pert 'ect knowledge and s t a t i c  expectations  a avid 1966, p. 28-9). He com- 

pares  t h e  annual  cos t  o f  a r eape r  w i th  t h e  reduct ion  i n  h i s  annual wage b i l l  

result in^ from reape r  usage and,  i f  t h e  cos t  i s  l e s s  than  t h e  wage sav ing  

( i .  e. h i s  farm is  l a r g e r  than  S ), then  he buys a reaper .  When t h e  e q u a l i t i e s  
T 

o f  ( 4 )  - ( 6 )  hold,  t h e  farmer i s  i n d i f f e r e n t  on cos t  grounds between purchase 

and no purchase. 

David 's  formula t ion  of t h e  annual money cos t  of a r eape r  is:- 

( 7 )  c  = ( d  + 0.5 r )  C 

Where C = t h e  purchase p r i c e  o f  a r eape r ,  d  = t h e  r a t e  o f  dep rec i a t ion ,  

r = t h e  r a t e  of i n t e r e ~ t .  Of t h e  v a r i a b l e s  i n  ( 7 ) ,  C and r a r e  exogenous and 

d may o r  ma,y not be exogenous:- 

when d l  is a t e c h n o l o g i c a l l y  given r a t e  (e.g. 

d is t h e  r e c i p r o c a l  of  t h e  l i f e  o f  a  r e a p e r )  
1 

assuming l i n e a r  evaporat ion 

and d i s  an economic r a t e  de- 
2 

pending on fa rmers '  t ime  hor izons  (and hence r e l a t e d  t o  r ) .  
2 

2 
The formula t ion  of  annual  r e a p e r  c o s t s  could be improved by inc lud ing  expected 
maintenance c o s t s ,  M*. I f  q u a l i t y  improved a s  t h e  number of  r eape r s  increased ,  
t h i s  would impart a m u l t i p l i e r  e f f e c t  i n t o  t h e  model. T h i s  would be a  source 
o f  r eve r se  c a u s a l i t y ,  s i n c e  t h e  number of  r e a p e r s  a f f e c t s  t h e  value of  % 
On t h e  o t h e r  hand, any q u a l i t y  improvement e f f e c t s  may have been o f f s e t  i n  
t h e  sho r t  and medium-term by i n e l a s t i c i t y  of  supply o f  mechanics. The 
problem i n  q u a n t i f y i n g  M* is t h e  l a c k  o f  da t a .  The re levant  information 
would be ( a )  how many t imes  prospec t ive  purchasers  expected t h e i r  r eape r s  
t o  break down and ( b )  how much they  expected t h e  average r e p a i r  b i l l  t o  be. 
None o f  t h i s  information i s  a v a i l a b l e .  Th i s  i s  presumably why David ignored 
M* i n  s p e c i f y i n g  equat ion  ( 7 ) ,  and we w i l l  fo l low h i s  lead.  The conseyuence 
Of t h i ~  ommission i s  t h a t  o u r  va lues  of  S w i l l  be lower than  i f  M+ were ln- 

T 
cluded. The discrepancy may not be l a r g e ,  however, because by 1850 reape r s  
were f a i r l y  robust  and M* should have been low. F'urthermore, some r e p a i r s  
could have been c a r r i e d  ou t  by t h e  farmer himself  i n  t h e  off-season when h i s  
oppor tun i ty  cos t  was low. 



2. The Determination of  To ta l  Acreage 

The Linear  short-run cos t  P m c t i o n s  assumed f o r  equation (5)  can be 

represented  g raph ica l ly  as:- 

'I' 

F i m r e  4. Assumed Short-run Labour Costs  f o r  Harvest ing Small Grains;  
Graphical Representat ion o f  t h e  Threshold Farm Size. 

where AR = average revenue from an a c r e  o f  small g r a i n s  = t h e  pr ice  of  small 

g r a i n s  mul t ip l i ed  by t h e  y i e l d  per  a c r e ,  L = number of  man-days requi red  
C 

p e r  a c r e  u s i n g  c rad l ing ,  LR = number o f  man-days requi red  per  a c r e  us ing  

r eape r s ,  AC = labour  c o s t s  per  a c r e  harves ted  u s i n g  c rad l ing ,  ACR = labour  
C 

c o s t s  pe r  a c r e  harves ted  by reaper .  When t h e  shaded a r e a  (ff = t h e  d i f f e r e n c e  

i n  wage b i l l s  between t h e  two techniques)  is  g r e a t e r  than  c then  t h e  r eape r  

can be introduced wi th  p r o f i t .  For a farm of  s i z e  'T, as i n  Figure 4, t h e  

shaded a r e a  exac t ly  equals  t h e  annual money cos t  o f  a reape r ,  i . e . 'il = c . 
Conversely, t h e  farm s i z e  where rT= c is def ined  as S 

T 

The obvious ques t ion  a r i s i n g  from Figure  4 i s  why don' t  farmers jus t  

i nc rease  t h e i r  g r a i n  acreage t o  S ( t h e  maximum acreage which can be har- 
max 

ves ted  wi th  one r e a p e r )  o r  some mul t ip l e  o f  Smaxl t h u s  ob ta in ing  maximum pro- 

fi ts? The answer must be t h a t  t h e r e  were o t h e r  c o s t s  involved i n  producing 

small g r a i n s ,  and t h a t  t h e s e  c o s t s  were inc reas ing  over  some range. One 



explanat ion i s  t h a t  expansion l e a d s  t o  t h e  use  of  i n f e r i o r  l ands  wi th  h igher  

u n i t  c o s t s  r e s u l t i n g  from poorer l o c a t  ion ,  f e r t i l i t y ,  e t c .  A l t e r n a t i v e l y  

t h e r e  might be r i s i n g  long-run c o s t s  a s soc ia t ed  wi th  inc reas ing  t h e  s i z e  of 

farms, such as t r a n s a c t i o n s  c o s t s  a s soc ia t ed  wi th  land purchase o r  c o s t s  re- 

l a t e d  t o  t h e  phys ica l  c l e a r i n g  of  land (e.g. t h e  s e t t i n g  up of  a backwoods 

farm was est imated t o  cos t  $100 minimum, Jones p. 67). I n  e i t h e r  case ,  if we 

a r e  t o  expla in  farm s i z e s  below S max i n  a s i t u a t i o n  o f  ho r i zon ta l  average 

revenue curves,  t h e n  t h e  expansion c o s t s  must be inc reas ing  over  t h e  re levant  

range. 2a 

I f  t h i s  upward-sloping long-run marginal cos t  curve e x i s t s ,  t hen  it 

i s  a r a t i o n a l  response t o  an  inc rease  i n  small g r a i n  p r i c e s  t o  expand t h e  

acreage  under small gra ins .  S imi la r ly ,  i f  t h e  cos t  of  c l e a r i n g  new land f a l l s ,  

t hen  we may expect some conversion of  unimproved land t o  small g r a i n  cu l t iva -  

t i o n .  Any increased  small g r a i n  acreage w i l l  c o n s i s t  o f  improving land,  which 

at t h e  o l d  p r i c e s  y ie lded  a n  expected stream o f  p r o f i t s  whose present  value 

was l e s s  than  t h e  expansion c o s t s ,  and t h e  inc rease  w i l l  cont inue so long as 

land e x i s t s  f o r  which t h e  present  value of t h e  expected p r o f i t  stream is grea t -  

e r  t h a n  t h e s e  c o s t s ,  i.e. u n t i l  MC = MR. This  condi t ion  i s  s e t  out more 

formally i n  chapter  4. 

3. The D i s t r i b u t i o n a l  E f f e c t s  o f  Increased Acreage 

Af te r  an  inc rease  i n  t h e  p r i c e  o f  small g r a i n s  o r  a  reduct ion  i n  t h e  

c o s t s  of prepar ing  land f o r  g r a i n  production; t h e r e  e x i s t s  a n  equil ibr ium 

t o t a l  small g r a i n  acreage g r e a t e r  than  t h e  o l d  t o t a l  acreage,  but so f a r  we 

have no way of  exp la in ing  how t h i s  increased  acreage w i l l  be d i s t r i b u t e d  between 

2a 
The point  o f  i n t e r s e c t  ion  o f  t h e  LRMC curve and t h e  AR curve determines t h e  
acreage  sown wi th  small g r a i n s ,  i.e. t h e  farmer ' s  p o s i t i o n  on t h e  h o r i z o n t a l  
a x i s  o f  F igure  4. The LRMC curve cannot be drawn i n  Figure 4 because t h a t  
f i g u r e  r e f e r s  only  t o  ha rves t ing  c o s t s  i n  a s i n g l e  season, whereas t h e  
LRMC curve inc ludes  a l l  production cos t s .  



farm3.j The importance o f  t h i s  ques t ion  can be seen i n  Figure 5 ,  which 

il r 1 .. u ; l b i  -+...,.+ a c c i ?  .. - t h r o e  p w s s i L l e  ways i n  which increased  t o t a i  acreage  may a f f e c t  

t h e  farm ~ i z e  d i s t r i b u t i o n .  I n  5 ( A )  t h e  number of  farms above t h e  t h r e s h o l d  

s i z e  i s  unchanged, whi le  i n  5 ( C )  it is  increased  tremendously f o r  t h e  same 

change i n  t o t a l  acreage.  

F i m r e  2. A l t e r n a t i v e  p o s s i b l e  e f f e c t s  on t h e  farm s i z e  d i s t r i b u t i o n  of' a n  
i nc rease  i n  small g r a i n  acreage.  4 

An i n c r e a s e  i n  t o t a l  small g r a i n  acreage  may r e s u l t  from t h e  crea- 

t i o n  of  new farms o r  from a r i s e  i n  t h e  s i z e  o f  e x i s t i n g  farms o r  from some 

mixture o f  t h e s e  two forces .  A r i s e  i n  t h e  number o f  farms, N ,  depends on 

the a v a i l a b i l i t y  of  p o t e n t i a l  farmers ,  i . e .  it i s  l i nked  t o  n e t  migra t ion  and 

a l t e r n a t i v e  o p p o r t u n i t i e s  i n  t h e  economy. Also, we would expect new farms t o  

start o f f  on a small s c a l e ,  i .e.  as r ep resen ted  by 5 ( ~ ) .  The f a c t  t h a t  

between 1810 and 1870 average farm s i z e  ( 4 = *IN ) increased and ne t  

migration was nega t ive  sugges t s  t h a t  growth o f  e x i s t i n g  farms was more impor- 

' ~ h o  equilibrium ac reage  o b t a i n s  when t h e  cos t  o f  b r i n g i n g  t h e  marginal a c r e  
o f  land i n t o  small g r a i n s  product ion i s  equal  t o  t h e  n e t  p re sen t  va lue  o f  
t h e  expected p r o f i t  stream from t h a t  ac re .  

4 
Aa i n  F i m r e  1 t h e  u s e  o f  an  i n i t i a l  normal d l s t r i b u t  ion i s  pure ly  i l l u s t r a -  
t i v e  of the  genera l  form f ( x ) .  



t a n t  than  new farms i n  t h l s  period. 

T h i s  l e a d s  on t o  t h e  ques t ion  of  whether l a r g e  and small farms would 

r e a c t  i n  t h e  same way t o  an incen t ive  t o  b r i n g  new land i n t o  c u l t i v a t i o n .  

Arguments can be made on both s i d e s  of  t h e  ques t ion .  Since no conclusive 

dec in ion  i s  a r r i v e d  a t ,  t h e s e  arguments w i l l  be t r e a t e d  i n  summary fashion.  

One view is  t h a t  l a r g e  farms have g r e a t e r  c r e d i t  a v a i l a b i l i t y  and a r e  t h u s  

b e t t e r  placed t o  a c t .  An a l t e r n a t i v e  approach i s  t o  look at t e n u r e  arrange- 

ments. I n  On ta r io  farmers  were u s u a l l y  f r e e h o l d e r s ,  w i th  tenancy f a i r l y  r a r e  

except by in s t a l lmen t  buyers and on c l e r g y  l a n d s  ( c f .  ch. 5.4). There was 

some sharecropping  on new l ands ,  u s u a l l y  by p ro fe s s iona l  land-c learers  and 

owners with pure ly  s p e c u l a t i v e  motives ( i. e. a short-term arrangement ). Thus 

t h e r e  appears  t o  have been l i t t l e  oppor tun i ty  f o r  l a r g e  landowners t o  i nc rease  

t h e i r  ho ld ings  f o r  t h e  purpose o f  r e n t i n g  out .  S ince  t h e r e  w i l l  be d i s -  

economies of  s c a l e  i n  running  a l a r g e  farm onese l f  ( e s p e c i a l l y  i n  pe r iods  of  

ehor tages  of  w a @  l a b o u r ) ,  t h i s  impl ies  t h a t  t h e r e  was l i t t l e  i ncen t ive  f o r  

l a r g e  farms t o  expand much. Furthermore, fa rmers  would wish t o  expand t o  

adjacent  land  and t h e r e  may have been no f i x e d  p a t t e r n  of  farms of  any p a r t i -  

c u l a r  s i z e  having unimproved land  next t o  them. 

The outcome o f  t h i s  d i s c u s s i o n  of  t h e  e f f e c t  of increased  t o t a l  

acreage on t h e  shape o f  f ( x )  i s  unce r t a in .  We have r e j e c t e d  t h e  most l i k e l y  

explana t ion  of  an  e f f e c t  l i k e  t h a t  of  5 ( ~ ) ,  i .e.  new e n t r a n t s .  Anyway, we 

know t h a t  t h e  i n c r e a s e  i n  acreage  i n  Ontar io  1850-70 w a s  accompanied by a 

r i s e  i n  px. He have given p l a u s i b l e  arguments f o r  ?(C), i. e. acces s  t o  c r e d l t  , 
l 

o r  f o r  something approaching 5 ( ~ ) .  Thus, a l though we cannot s p e c i f y  a p r i o r i  

a aimple s h i f t  i n  one o r  two moments of  f ( x )  i n  response t o  a change i n  t o t a l  

acreage ,  we have argued 

numberof  farms o f  s i z e  
"bB ;. 

f o r  a l i n k  between a change i n  A and a change i n  t h e  

g r e a t e r  t han  S We w i l l  r e t u r n  t o  t h i s  ques t ion  T ' 



b r l e f l y  In chapter  4. We a r e  no t ,  however, a t t empt ing  t o  p r e d i c t  changes i n  

concen t r a t ion  of  ownership, and o u r  f i n a l  approach t o  t h e  problem i s  

empi r i ca l ,  i .e.  t h e  e x i s t i n g  farm s i z e  d i s t r i b u t i o n s  i n  1850, 1860 and 1870 

a r e  taken an d a t a  ( c h a p t e r  5.4). When t h e s e  d i s t r i b u t i o n s  a r e  approximated 

by a cont inuous d i s t r i b u t i o n  ( c h a p t e r  6 ) ,  it is  found t h a t  t h e  median farm 

s i z e  i n c r e a s e s  t h r o u ~ h  t h e  per iod  whi le  farm s i z e  concen t r a t ion  remains un- 

chanced, at l e a s t  by some measures.' These conclus ions  a r e  c o n s i s t e n t  wi th  

t h e  reasoning  of  t h i s  s ec t ion .  

4. The Method o f  Es t imat ion  

Once t o t a l  acreage  has  been determined, t h e  equ i l i b r ium propor t ion  

of  t h i s  t o  be harves ted  by r eape r s  is  a l s o  known f o r  given va lues  of  ST and 

f ( x )  from equat ion ( 3 ) .  Since labour  requirements  per  a c r e  wi th  and without 

r eape r s  a r e  t e c h n i c a l l y  f i x e d ,  t h e  demand f o r  harves t  l abour  i s  determined. 

A d i ~ e q u i l i b r i u m  s i t u a t i o n  w i l l  a r i s e  i f  at t h e  expected wage ( i . e .  t h a t  

used In c a l c u l a t i n g  ( 4 )  - (6 )  ) t h i s  demand is  not equal t o  t h e  supply of 

labour.  T h i s  p o s s i b i l i t y  is r u l e d  out  by assuming 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  faced  an  i n f i n i t e l y  e l a s t i c  supply of  l abour  at a wage r a t e  determined 

elsewhere ( c f .  Appendix). 

Since d i s e q u i l i b r i u m  s i t u a t i o n s  i n  t h e  labour  market a r e  now r u l e d  

o u t ,  t h e  number of r e a p e r s  introduced between two y e a r s  can be p red ic t ed  from 

equat ion ( 2 ) .  The va lue  o f  S can be c a l c u l a t e d  f o r  each y e a r  and app l i ed  t o  
T  

'since a lognormal distribution wi th  t h e  same a 2  , (but d i f f e r i n g  P) i s  used 
f o r  each y e a r ,  t h e  Lorenz c o e f f i c i e n t  of  concent ra t  ion  remains cons tan t .  
On t h e  o t h e r  hand, t h e  C in i  c o e f f i c i e n t ,  f o r  example, a l s o  depends on t h e  
a r i t h m e t i c  mean of  income and t h u s  i n d i c a t e s  i n c r e a s i n g  concent ra t  ion  1850- 
70  itchis is on & Brown p. 111-5). No commonly used measure would i n d i c a t e  
reduced concen t r a t ion  ( i. e. a p a t t e r n  resembling 5(A) i s  r u l e d  out ) .  



t h e  f(x) o f  t h a t  y e a r  t o  o b t a i n  a v a l u e  o f  R ,  and t h e  t o t a l  number of  r e a p e r s  

i n  each year  %ill be N.R. The p r e d i c t e d  v a l u e s  o f  NR w i l l  be d e s i g n a t e d  

R W t  . I t  shou ld  be  no ted  t h a t  a p r e c i s e  ~ p e c i f i c a t i o n  o f  t h e  d e t e r m i n a n t s  o f  

A i s  no t  n e c e s s a r y ;  t h e  impor tan t  p o i n t  is t h a t  A i s  de te rmined  exogenously  

t o  t h e  model. 

The u s e f u l n e s s  o f  t h i s  model is t h a t ,  i f  it d o e s  have p r e d i c t i v e  

power w i t h  r e s p e c t  t o  O n t a r i o  i n  t h e  18609, t h e n  it  p e r m i t s  s e p a r a t i o n  o f  

c a u s a l  f a c t o r s ,  o r  at l e a s t  t e s t s  o f  s e n s i t i v i t y  o f  R* t o  d i f f e r e n t  inde- t 

pendent v a r i a b l e s .  T h i s  i s  done by p o s i n g  q u e s t i o n s  such as: what would 

R f t  have been i n  1870 i f  f ( x )  had no t  changed s i n c e  1860? These counter-  

f a c t u a l  q u e s t i o n ~  can be a p p l i e d  t o  t h r e e  groups  o f  v a r i a b l e s :  f a c t o r  p r i c e s  

( c ,w ) ,  t e c h n i c a l  change ( r e f l e c t e d  i n  L ) and t o t a l  a c r e a g e  (whose changes  
8 

s h i f t  f(x) ). 



CHAI'TER TI I 

HEN'I'ALS AND COOPkRATION 

O i  crucial importance t o  o u r  model i s  t h e  assumpt ion  o f  no r e n t i n g  

o r  c o o p e r i ~ t  i v e  purchase  o f  r e a p e r s .  I n  a f r i c t i o n l e s s  world  t h e  problem o f  

t h e  i n t l i v i s l b i l i t y  o f  a c a p i t a l  good hampering i t s  d i f f u s i o n  would be overcome 

by one  o r  both of' t h e s e  exped ienc ies .  S i n c e  o u r  m o d e l ' s  b e h a v i o u r a l  assump- 

t i o n  i s  one  o f  f a r m e r s '  r a t i o n a l i t y ,  t h e n  we must e x p l a i n  what f r i c t i o n s  

ex 1 s t e d  i n  O n t a r i o  t o  make such e x p e d i e n c i e s  non-rat i o n a l .  

S i n c e  r e a p e r  r e n t a l  i n s t i t u t i o n s  would loom l a r g e  i n  r u r a l  l i f e ,  we 

would expec t  t h a t  i f  t h e y  e x i s t e d  mention would be made o f  them i n  t h e  many 

county h i s t o r i e s ,  s e t t l e r s '  g u i d e s ,  e t c .  w r i t t e n  i n  mid-nineteenth  c e n t u r y  

O n t a r i o .  There  i s  no such ev idence  o f  t h e  e x i s t e n c e  of a r e a p e r  r e n t a l  market 

i n  O n t a r i o  1850-70. One l i m i t a t i o n  on  c o n t r a c t  r e a p i n g  would a p p e a r  t o  have 

been t h e  s h o r t  d u r a t i o n  o f  t h e  h a r v e s t  s e a s o n ,  which o n l y  l a s t e d  abou t  a f o r t -  

n i g h t .  Such a n  e n t e r p r i s e  could  s c a r c e l y  have been a p r i n c i p a l  employment 

f o r  anyone,  a n d  i f  it were a s i d e l i n e  one would expec t  t h a t  h i g h  p r o f i t s  

would be r e q u i r e d  t o  c o v e r  t h e  c o s t s  o f  s t o r a g e ,  e t c .  and o f  peak workload 

be in^ a t  t h e  p e r i o d  o f  h i g h e s t  o p p o r t u n i t y  c o s t  o f  l abour .  P r o f i t s  were,  how- 

e v e r ,  u n l i k e l y  t o  be h i g h  because  o f  t h e  d i f f i c u l t y  o f  moving t h e  e a r l y  r e a p e r s ,  

which weighed o v e r  h a l f  a t o n ,  between fa rms ,  and a l s o  because  o f  p o s s i b l y  

h i c h  t r a n s a c t i o n s  c o s t s  ( a l t h o u g h  s i n c e  t h e r e  were no such f i r m s  i n  e x i s t e n c e  

we cannot  e s t a b l i s h  how h i g h  t h e s e  would have been).  

More s u r p r i s i n g  i s  t h e  absence  o f  any  e v i d e n c e  o f  c o o p e r a t i o n  be- 

tween f a r m e r s  i n  t h e  u s e  o f  r e a p e r s .  T h i s  may t o  some e x t e n t  be  s p u r i o u s ,  

becaune c h r o n i c l e r s  may n o t  have n o t i c e d  t h a t  r e a p e r s  were j o i n t l y  owned o r ,  

l f  t h e y  dlt l  n o t i c e ,  may not  have c o n s i d e r e d  t h i s  f a c t  t o  be noteworthy.  Such 

a c t i v l t i e ! ;  d l d  o c c u r  I n  t h e  Uni ted  S t a t e s ,  e.g. a " long  list o f  coopera t  l v e  

purchasesu  h a s  been compiled from t h e  McCormick p a p e r s  ( q u o t e d  i n  Dans p. 87, 



a l though t h e  ex t en t  o f  "long" i s  not made clear),' but similar r eco rds  a r e  

not r e a d i l y  a v a i l a b l e  f o r  Canada. 

One problem f o r  two farmers  planning t o  sha re  a r eape r  is t h a t  t h e r c  

is p e a t  advantage t o  having f i r s t  use ,  because t h e  farmer who has  second use 

w i l l  be faced wi th  more o v e r r i p e  g r a i n  which is  prone t o  s h a t t e r i n g .  Any 

pecuniary compensation p r i n c i p l e  o r  p r o f i t - s h a r i n g  would be d i f f i c u l t  t o  ca l -  

c u l a t e .  On t h e  o t h e r  hand, i f  t h e  sum o f  t h e  two farms'  acreage  was s u f f i c i -  

e n t l y  f a r  above t h e  t h r e s h o l d  farm s i z e ,  t hen  t h e  sav ing  from having use  o f  a 

r eape r  would provide cons ide rab le  e x t r a  p r o f i t s ,  however rough and ready t h e  

s h a r i n g  procedure. Also t h e  ques t ion  a r i s e s  o f  why t h e  simple r i sk-shar ing  

procedure o f  t a k i n g  f i r s t  u se  i n  a l t e r n a t e  y e a r s  was not adopted. T h i s  l e a d s  

on t o  t h e  problem o f  t h e  long-term n a t u r e  o f  a n  a s s e t  wi th  an  expected l i f e  

o f  t e n  y e a r s ,  which n e c e s s i t a t e d  a long-term cooperat  i on  agreement t o  which 

farmer8 might not  have wished t o  commit themselves.  Such a motivat ion does, 

however, seem r a t h e r  u n l i k e l y ;  t h e r e  is evidence i n  t h e  remainder of  t h e  cen- 

t u r y  o f  coopera t ion  over  o t h e r  t y p e s  o f  machinery, e.g. t h e  combine, and over  

g r a i n  e l e v a t o r s ,  which b e l i e s  t h e  i d e a  o f  fa rmers  i n s i s t i n g  on ind iv idua l  

ownership o f  a l l  f a c t o r s  o f  production. F i n a l l y  it is p o s s i b l e  t h a t  c r e d i t  

arrangements were more d i f f i c u l t  t o  a r r ange  i n  t h e  case  o f  two ( o r  more) co- 

o p e r a t i n g  farmers;  even i f  t h i s  was not t h e  c a s e  w i t h  McCormick ( s e e  above),  

it  may have been t r u e  wi th  t h e  sma l l e r  s c a l e  Canadian manufacturers.  

1 
I n  view o f  t h e  f a c t  t h a t  Davis u s e s  t h i s  evidence t o  make t h e  s t r o n g  a s se r -  
t i o n  t h a t  David's "extremely f a c i l e  a n a l y s i s "  has  " l i t t l e  h i s t o r i c a l  r e a l i t y " ,  
it is amazingly ill-documented. No s p e c i f i c  c a s e s  a r e  quoted, and we a r e  
l e f t  wi th  many unanswered ques t ions ,  e.g. (a) where i n  t h e  McCormick papers  
is t h i s  l ist drawn from? (b)  how many coopera t ive  purchases were found and 
what were t h e  p r e c i s e  arrangements? ( c )  were t h e  coope ra to r s  geographica l ly  
concent r a t e d  i n  any p a r t i c u l a r  a rea?  



None of  t h e  above arguments appear  t o  be major d e t e r r e n t s  t o  co- 

ope ra t ion .  A more c r i t i c a l  element can be in t roduced  by b r ing ing  a s p a t i a l  

dimension i n t o  t h e  d iscuss ion .  Th i s  fo l lows  from t h e  cumbersome n a t u r e  o f  t h e  

e a r l y  r e a p e r s ,  which w a s  mentioned above. A contemporary d e s c r i p t i o n  of  a n  

Ehgl i sh  v e r s i o n  o f  t h e  McCormick r eape r  c h a r a c t e r i z e s  it as:- 

"... unwieldy, and r e q u i r e s  much t ime and l abour  i n  t a k i n g  t o  
p i e c e s  f o r  removal from f i e l d  t o  f i e l d  o r  from farm t o  farm". 
(w. Mright,  p. 127 quoted i n  David 1971, p. 152). 

I n  view o f  t h e  s h o r t  h a r v e s t i n g  season t ime was o f  t h e  essence;  t h e  more t ime  

t h a t  was wasted i n  moving t h e  r eape r  from one coopera tor  t o  another ,  t h e  l e s s  

l a  
t h e  b e n e f i t s  of cooperat ion.  I n  gene ra l ,  as t h e  d i s t a n c e  between coope ra to r s  

i nc reased ,  so would t h e  c o s t s  of  cooperat ion.  

Thus t h e  i d e a l  s i t u a t i o n  f o r  coopera t ion  w a s  between ad jacen t  

farmers.  I f  it was p r o f i t a b l e  f o r  a farmer w i t h  50 a c r e s  o f  small g r a i n s  t o  

buy a r e a p e r ,  t h e r e  seems no l o g i c a l  reason why it shouldnl  t a l s o  be p ro f i -  

t a b l e  f o r  two ad jacen t  fa rmers  wi th  25 a c r e s  each t o  buy one. There is,  how- 

eve r ,  no reason t o  expect t h i s  i d e a l  s i t u a t i o n  t o  be e s p e c i a l l y  common. Land 

se t t l emen t  p a t t e r n s  a r e  not so o r d e r l y  t h a t  t h e  l a r g e  farms i n  a v i l l a g e  a r e  

t o g e t h e r ,  t h e  medium-sized farms a r e  t o g e t h e r  and t h e  small farms a r e  t o g e t h e r ;  

t hey  a r e  much more haphazardly d i s t r i b u t e d .  Furthermore, t h e  s e t  o f  p o t e n t i a l  

coope ra to r s  w i l l  not  be a l l  farms wi th  small g r a i n  acreage  l e s s  t han  S T ' 
because below a c e r t a i n  ac reage  fa rmers  w i l l  not  cons ide r  it worth t h e i r  wh i l e  

Z t o  g e t  involved i n  cooperat ion.  The i d e a l  c o n d i t i o n s  then  e x i s t  where 

2 
The assumption i s  t h a t  t r a n s a c t i o n s  c o s t s  i n c r e a s e  wi th  t h e  number o f  co- 
ope ra to r s .  Thus it w a s  l e s s  p r o f i t a b l e  f o r  a l a r g e  number o f  small farms t o  
coopera te  t h a n  f o r  a few medium-sized farms. I n  gene ra l ,  we w i l l  cons ider  
t h e  i d e a l  c o n d i t i o n s  t o  e x i s t  where two farmers  could s u c c e s s f u l l y  coopera te ,  
and t h e y  a r e  o f  approximately equal  s i z e .  

la'I'he h a r v e s t i n g  season was g e n e r a l l y  no longe r  t h a n  t e n  days ( ~ o g i n  p. 78n.) 
and even w i t h i n  t h i s  sho r t  per iod  t h e  g r a i n  w a s  extremely vulnerable  t o  bad 
weather  and s h a t t e r i n g  ( c f .  p. 55 - i n f r a ) .  Th i s  i s  i n  c o n t r a s t  t o  o t h e r  
p a r t s  o f  t h e  product i on  process  where t iming w a s  not  so c r i t i c a l .  



potent la1 cooperator!: a r e  l oca t ed  s u f f i c i e n t l y  c l o s e  t o g e t h e r  f o r  cooperat ion  

cost:3 not to exceed cooperation bene f i t s .  

I f  t h e s e  i d e a l  cond i t i ons  were common, then  t h e r e  appears  t o  be no  

reason why coopera t ion  should not have occurred ,  making reaper  s e r v i c e s  d i v i -  

s i b l e  and our  model i nappropr i a t e .  If they  were uncommon, t hen  our  e s t i m a t e s  

o f  t h e  number o f  r e a p e r s  w i l l  be b iassed  downwards3 but t h e  method w i l l  

r e t a i n  v a l i d i t y .  The ques t ion  of  prevalence of i d e a l  cond i t i ons  i s  c i e a r l y  

an  empir ica l  one,  t h e  answer t o  which w i l l  depend on t h e  s i z e  of cooperat ion 

c o s t s ,  t h e  range of  farm s i z e s  w i th in  which p o t e n t i a l  coopera tors  a r e  bel ieved 

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

I 

The  Yurk County Sample 

In o r d e r  t o  check some o f  t h e  above hypotheses about t h e  s p a t i a l  

d i s t r i b u t i o n  o f  farms, a sample was taken.  The e a r l i e s t  m a D s  s u i t a b l e  f o r  o l l r  

purpose a r e  those  of Relden and o t h e r s  which cover  t h e  coun t i e s  of Ontar io  

and which were published from 187> onwards ( ~ a ~ ) .  For t h i s  reason it was 

d e ~ i r n b l e  t o  s e l e c t  a county whose improved acreage  and number of  landowners 

d i d n ' t  change g r e a t l y  between t h e  1850s and t h e  1870s. York f i t s  t h i s  b i l l  

admirably; acreage  sown increased  i n  t h e  1 8 5 0 ~  but not by as much as in  t h e  

r e s t  o f  Upper Canada, r e f l e c t i n g  t h e  r e l a t i v e l y  wel l -es tab l i shed  na tu re  o f  

farming i n  t h a t  county, and by 1860 most of t h e  county was s e t t l e d .  I n  t h e  

 he t o t a l  number of  r eape r s ,  NR,  c o n s i s t s  of t h o s e  which a r e  purchased by 
ind iv idua l  farmers ,  IP, p l u s  t hose  which a r e  purchased by two o r  more fa rmers  
and by r e n t a l  i n s t i t u t i o n s ,  CP:- 

NR = IP  + CP 
Since ou r  e s t ima te s ,  Hut, a r e  der ived  from assumptions about t h e  ind iv idua l  

fa rmers '  decision-meking process ,  t hey  w i l l  on ly  be e s t ima te s  of  IP .  Thus, 
even i f  we have s p e c i f i e d  t h e  decision-making process  a c c u r a t e l y  and t h e  
d a t a  a r e  p e r f e c t ,  o u r  e s t i m a t e s  w i l l  u n d e r s t a t e  t h e  t o t a l  number o f  reaper:: 
by CP. 



ubeenc:o ot '  tmy major change i n  t h e  number o f  l a n d h o l d e r s ,  i t  can be a rgued  

t h a t  t h e  i n n d h o l d i n g  p a t t e r n  d i s p l a y e d  I n  t h e  Mi les  Atlas o f  York i n  1878 

approximated t h e  p a t t e r n  o f  t h e  y e a r s  around 1860. A f u r t h e r  reason  f o r  choos- 

i n g  York as t h e  sample coun ty  i s  t h a t  it w a s  t h e  l a r g e s t  small g r a i n s  p roducer  

d u r i n g  t h e  p e r i o d  o f  s tudy .  Thus,  i f  c o o p e r a t i o n  was no t  f e a s i b l e  i n  t h e  

r e l a t i v e l y  d e n s e l y  p o p u l a t e d  and h i g h  p roduc ing  York County, t h e n  i t  would be 

u n l i k e l y  t o  be f e a s i b l e  anywhere i n  O n t a r i o .  

The d e s i g n  o f  t h e  sample was aimed at o b t a i n i n g  a random s e l e c t i o n  

o f  landowners. York coun ty  i n  1878 c o n s i s t e d  of t e n  townsh ips ,  each of which 

was d i v i d e d  i n t o  c o n c e s s i o n s  which were f u r t h e r  subd iv ided  i n t o  l o t s ,  t h e  

s t a n d a r d  i n l a n d  l o t  b e i n g  of' one hundred a c r e s .  A l l  l o t s  i n  t h e  county o u t s i d e  

o f  Toronto  and i t s  s u b u r b s  were s e r i a l l y  numbered, and t h e  f i r s t  t h i r t e e n  

numbers from a t a b l e  o f  random numbers were used t o  s e l e c t  t h e  sample. Of 

t h e s e  t h i r t e e n  l o t s ,  t h r e e  were u n s u i t a b l e  f o r  o u r  purposes  ( two were l o c a t e d  

i n  v i l l a g e s ,  and t h u s  s p l i t  i n t o  small town l o t s ;  and one was r i g h t  on t h e  

e d ~ e  of  t h e  county) .  I n  t h e  t e n  remain ing  l o t s  t h e r e  were twenty-s ix  land-  

owners  a able 1 ) .  

The f i r s t  h y p o t h e s i s  t o  be t e s t e d  i s  t h a t  " land s e t t l e m e n t  p a t t e r n s  

a r e  not no o r d e r l y  t h a t  t h e  l a r g e  farms a r e  t o g e t h e r ,  t h e  medium-sized fa rms  

a r e  t o g e t h e r  and t h e  small fa rms  a r e  t o g e t h e r ;  t h e y  a r e  much more haphazardly  

d i u t  r i  buted." F o r  e a c h  landowner,  a d j a c e n t  farms were grouped by s i z e  accord- 

i n f ~  t o  t h e  ceneus  g r o u p i n g s   a able 11) and t h e  s i z e  d i s t r i b u t i o n  o f  a d j a c e n t  

fa rms  was t h e n  compared t o  t h e  coun ty  farm s i z e  d i s t r i b u t i o n  o f  t h e  1871 

censuo  a able 111). I f  t h e  h y p o t h e s i s  were t r u e  t h e r e  shou ld  be no b i a s  i n  

t h e  a d j a c e n t  farm group ings ;  i n  p a r t i c u l a r  t h e r e  shou ld  be no tendency f o r  

the Eroup w i t h i n  which t h e  b a s e  farm f a l l s  t o  be l a r g e r  t h a n  i t s  county-wide 

p e r c e n t a g e ,  e.R. around a 40 a c r e  farm t h e r e  s h o u l d  n o t  b e  more t h a n  26.88 



o f  t h e  ad j acen t  farms i n  t h e  10-50 a c r e  c a t e g ~ r y . ~  I n  o r d e r  t o  t e s t  t h i s ,  

a stat 1st i c  2 ;  w a s  computed whose va lue  i s  u n i t y  when t h e  percentage of 
A 

ad jacen t  farms t o  t h e  i t h .  farm i n  t h e  same s i z e  c l a s s  as t h e  i t h .  farm i s  

g r e a t e r  t han  t h e  expected percentage ( i . e .  t h e  aggrega te  percentage  f o r  t h e  

county) and whose va lue  i s  zero o therwise  ( ~ o e l  p. 330-3). S ince  t h e  2 .  a r e  
1 

independent,  t h e i r  sum:- 
n 

.where n = t h e  number o f  farms i n  t h e  
sampl e 

w i l l  be a binomial v a r i a b l e  corresponding t o  n independent t r ia ls  f o r  which 

n 
p = +. The n u l l  hypo thes i s  i s  t h a t  u = /2, i .e .  farms a r e  haphazardly d is -  

t r i b u t e d ,  whi le  t h e  a l t e r n a t i v e  hypothes is  is u > n/2. Thus a one - t a i l  t e s t  

4~ more formal s ta tement  o f  t h e  haphazard d i s t r i b u t i o n  hypo thes i s  r u n s  as 
fol lows.  The s e t  o f  farms i n  York county, [XI, has  m members. The subse t ,  , 
[ J ~ ] ,  c o n t a i n s  a l l  farms ad jacent  t o  t h e  i t h  farm, Xi, and has  j members, 

The s u p e r s c r i p t  k denotes  which census s i z e  group t h e  farm occupies ,  
k = 10->0, 50-1 00, 100-200, 7 200. Thus 10-50 r e f e r s  t o  t h e  t h i r d  farm 

5 3 
3 

ad jacen t  t o  t h e  farm X and t h i s  farm has  between 10 and 50 a c r e s ;  t h e  J 
10-50 

5 53 
i s  a l s o  a member o f  t h e  [XI. 

I f  t h e  i t h .  farm i s  i n  t h e  r t h .  s i z e  group, i .e .  k = r f o r  X k, then  
k i 

we can d e f i n e  A .  as a l l  J .  f o r  which k = r and B as a l l  X f o r  which k = r. 
1 1 

Thus A 7  i s  t h e  p ropor t ion  of  farms ad jacen t  t o  t h e  i t h .  farm which a r e  i n  
J 

t h e  same s i z e  group as t h e  i t h .  farm, and B/, i s  t h e  propor t ion  o f  a l l  

farms i n  t h e  popu la t ion  ( i . e .  York county) which a r e  i n  t h a t  s i z e  group. The 

n u l l  hypo thes i s  i s  then:- 

/ sample 

i.e. t h e  expected d i f f e r e n c e  between t h e  sample propor t ion  and t h e  popula t ion  
p ropor t ion  i s  zero.  

For  farms on t h e  c l a s s  boundaries  t h e  two neighbouring c l a s s e s  were 
conso l ida t ed ,  e.g. f o r  a 50 a c r e  farm t h e  r e l evan t  s i z e  group was t aken  t o  
be 1 &I00 ac re s .  



i n  rcqulrcd and,  at t h e  4)$ l e v e l  of  s i g n i f i c a n c e ,  t h e  c r i t l c a l  va lue  o f  u  1s 

sample u  = 17, so t h e  n u l l  hypothes is  w a s  not r e j ec t ed .  5 

Although t h e  above t e s t  suppor t s  t h e  haphazard s p a t i a l  d i s t r i b u t  lor, 

a e n e r t i o n ,  upon c l o s e r  examination a d e f i n i t e  p a t t e r n  t o  t h e  2 .  va lues  i s  
1 

apparent .  A l l  seventeen of  t h e  u n i t y  va lues  apply t o  farms of 50 a c r e s  and 

l e ~ s ,  while  none o f  t h e  n ine  zero va lues  apply t o  farms under 50 ac re s .  T h u s  

t h e  amal les t  farms do tend t o  have more o f  t h e i r  own kind surrounding them 

than  would be expected,  while  t h e  medium-sized and l a r g e  farms have fewer 

6  
ad j acen t  equiva len t -s ized  farms than  expected. The s i g n i f i c a n c e  of  t h i s  i n  

the context  o f  r e a p e r  cooperat ion i s  t h a t ,  s i n c e  only  t h e  very la-rgest  farms 

had r e a p e r s  i n  1860, t h e  p o t e n t i a l  coopera tors  would come from t h e  medium- 

I 

I s i z e d  and l a r g e  strata of farms. Yet it was t h e s e  farms which would encounter  

t h e  most d i f f i c u l t y  i n  f i n d i n g  l ike-s ized  neighbours  t o  j o in  them i n  t h e  

e n t e r p r i s e .  

Thus t h e  "haphazard d i s t r i b u t i o n 1 '  hypothes is  must be modified, but 

t h e  modi f ica t ion  i s  i n  a d i r e c t i o n  favourable  t o  p r e d i c t i n g  low incidence of 

cooperat  lon ove r  reapera.  For  t h e  small farms, coopera t ing  i n  t h e  u s e  o f  a 

r eape r  was not a f e a s i b l e  p ropos i t i on  at t h i s  t ime ,  because t h e  more coopera- 

t o r s  t h e  more cumbersome t h e  a r ranging .  Yet ove r  t h e  s e t  o f  l i k e l y  p o t e n t i a l  

coopera tors  t h e  problem of  f i n d i n g  an  ad jacen t  equivalent-s ized farm was most 

marked. 

- -- - -  

! ~ l e o r l ~ ,  however, it would have been r e j e c t e d  at t h e  998 l e v e l  o f  s i g n i f i c a n c e .  
6 

Under t h e  assumptions s t a t e d  i n  chap te r  5, t h e  t h re sho ld  s i z e  i n  1860 was 
s l i g h t l y  l e s s  t han  250 a c r e s  t o t a l  acreage.  Th i s  had f a l l e n  t o  122 a c r e s  by 
1870. "Small" farms a r e  def lned  as ones  o f  l e s s  t han  60 a c r e s ,  i.e. two o f  
them coopera t ing  would not be o f  t h e  1870 t h r e s h o l d  s i z e .  lfMedium-sized" 
farms are o f  60-125 a c r e s ,  i .e.  two medlum farms could have considered co- 
o p e r a t i o n  i n  1870 but not i n  1860. "Large" farms a r e  of  more than  125 ac re s .  



The Huron and Cnr le ton  County Samples 

The ques t ion  may be asked whether a sample taken from York county is 

a " rep resen ta t ive"  sample, and so ,  as a t e s t  o f  t h e  conclus ions  based on t h e  

York county sample, f u r t h e r  samples were taken  from Huron and Car le ton  count ies .  

I n  t h e  1850s Huron county was on t h e  f r o n t i e r  of  Canadian g r a i n  product ion and 

i n  t h i s  expansionary per iod  t o t a l  occup ie r s  of  land  increased  from 2,922 i n  

18>0 t o  6,815 i n  1860. By t h e  1860s Huron w a s  t h e  l a r g e s t  wheat producing 

county and was r i v a l l i n g  York i n  t o t a l  g r a i n  product ion.  It is a l s o  a use fu l  

c o n t r a s t  t o  York i n  t h a t  t h e  farm s i z e  d i s t r i b u t i o n  w a s  s l i g h t l y  d i f f e r e n t ,  

Huron having a l a r g e r  proport  ion  o f  farms o f  100 a c r e s  and l e s s  throughout t h e  

period. T h i s  i s  probably a r e f l e c t i o n  o f  t h e  r ecen t  s e t t l emen t  where fa rmers  

obta ined  one l o t  o r  two shared a l o t ,  and t h e r e  had been few l a r g e  land  g r a n t s  

( c f .  t h e  m i l i t a r y  g r a n t s  i n  t h e  e a r l y  p a r t  o f  t h e  century  when York w a s  be ing  

surveyedj  and l i t t l e  t ime f o r  conso l ida t ion  t o  have occurred. The drawback t o  

u s ing  a sample from Huron county i s  t h a t  a source  publ ished i n  1879 i s  l e s s  

a p p l i c a b l e  t o  t h e  1850-70 per iod  i n  a county undergoing change than  i n  a more 

s t a b l e  environment. The o t h e r  sample p r e s e n t s  some oppos i t e  f a c e t s  o f  Ontar io  

a g r i c u l t u r e .  Ca r l e ton  county i s  i n  t h e  e a s t e r n  p a r t  o f  t h e  province,  i t s  

g r a i n  product ion  was r e l a t i v e l y  s t a b l e  1850-70, and by t h e  18608, it had a 

r e l a t i v e l y  l a r g e  p ropor t ion  o f  farms o f  ove r  100 ac re s .  

The source  f o r  Huron county was t h e  Belden a t l a s  o f  1879, and t h e  

d a t a  a r e  c iven  i n  Table I V .  The va lue  o f  u i s  16 and t h u s  t h e  "haphazard 

d i s t r i b u t i o n "  hypo thes i s  is a g a i n  not r e j e c t e d .  On t h e  o t h e r  hand, t h e  p a t t e r n  

o f  t h e  2 va lues  is t h e  o p p o s i t e  o f  t h a t  i n  York county. O f  t h e  n ine  farms of  

l e a s  t han  100 a c r e s  e i g h t  had Z va lues  of  ze ro ,  wh i l e  f i f t e e n  of t h e  remaining 

farms had Z va lues  o f  un i ty .  Thus it i s  t h e  medium-sized and l a r g e  farms 

which have more ad jacen t  equiva len t -s ized  farms than  expected - a conclusion 



more favourable t o  cooperat ion than  t h a t  from York county. 

The Car le ton  county source was a l s o  i n  1873 Belden a t l a s .  Of t h e  

twenty-six farms i n  t h e  sample exact ly  ha l f  had Z va lues  of  u n i t y   a able v ) ,  

so t h a t  t h e  n u l l  hypothes is  would not be r e j e c t e d  a t  any l e v e l  of s ignif icance.  

Unlike t h e  o t h e r  two samples t h e r e  i s  no clear-cut p a t t e r n  t o  these  Z values,  

a p a r t  from some s l i g h t  tendency f o r  smal ler  farms t o  have zero values. 

Geographical Condit ions 

The above a n a l y s i s  i s  use fu l  so far as it goes, but it is  l imi ted  

by t h e  f a i l u r e  of  t h e  county a t l a s e s  t o  d e l i n e a t e  geographical f e a t u r e s  which 

a r e  r e l evan t  t o  t h i s  study. Proximity may have been a major p r e r e q u i s i t e  f o r  

p r o f i t a b l e  cooperat ion,  but t h e  c r u c i a l  point  i s  t h a t  t h e  t ime taken t o  move 

a reape r  between t h e  cooperat ing farms had t o  be shor t .  Thus, even i f  two 

farms were adjacent  and of  s u i t a b l e  s i z e  f o r  cooperat ing,  i f  t h e  boundary 

between them was a r i v e r  then  t h e  c o s t s  of cooperat ion might be high. I n  t h e  

abdve samples we were a b l e  t o  t ake  account of l akes ,  but not o f  r i v e r s ,  swamps 

o r  rocky r idges .  A f u r t h e r  f a c e t  o f  t h i s  problem i s  t h a t  t h e  a t l a s e s  give no 

idea  o f  which p a r t  of  a landholding is  under crops. C lea r ly ,  i f  a l l  of a 

farmer ' s  g r a i n  i s  i n  t h e  eas t e rn  extremity of  h i s  holding, it is  more pro- 

f i t a b l e  t o  cooperate with a neighbour t o  t h e  e a s t  than  with one t o  t h e  west. 

The i d e a l  geographical s i t u a t i o n  f o r  cooperat ion i s  then  one where 

t h e  land i s  uniformly f e r t i l e  and un in te r rup ted  by i r r e g u l a r  d i s r u p t i v e  geo- 

graphica l  f ea tu res .  Th i s  is not always t h e  s i t u a t i o n  i n  Ontario,  even below 

- t h e  Laurentian Shield.  There a r e  a l a r g e  number of l a k e s  and r i v e r s  i n  south- 

e rn  Ontar io ,  e s p e c i a l l y  i n  t h e  c e n t r a l  s ec t ion ,  The western sec t ion ,  which 

has  t h e  most f e r t i l e  s o i l ,  i s  s p l i t  by patches of open rock, of which t h e  most 

dramatic  i s  t h e  Niagara escarpment which runs from t h e  U.S. border t o  t h e  



Oeorglan Bay. The o t h e r  s l g n l f l c a n t  p h y s ~ o l o g l c a l  f e a t u r e  o f  t h l s  a r e a  1s t h e  

horoenhoe rnoralnes r u n n l n g  th rough  Huron, Bruce and Grey counties, whose c h l e f  

landform components a r e  (a) ~ r r e g u l a r ,  s t o n y  knobs and r l d g e s  and ( b )  bedded 

sand and p a v o l  t e r r a c e s  and swampy v a l l e y  f l o o r s  (chapman and Putnam, D. 1 )6). 

The e a s t e r n  p a r t  of t h e  p r o v l n c e  had t h e  l e a s t  f e r t l l e  s o i l  and  lowes t  grain 

y l c l d n ,  and ~t t o o  was s u b j e c t  t o  g e o g r a p h i c a l  difficulties whlch l n h l b l t e d  

t r a n o p o r t ,  e.g, t h e  Ottawa v a l l e y  around C a r l e t o n  county c o n s i s t e d  o f  c l a y  

p l a i n  i n t e r r u p t e d  by rocky esca rpments  (chapman and Putnam p. 353; c f .  I n n l s  

and Lower p. 527, quoted i n  t h e  nex t  c h a p t e r ) .  

C o n c l u s i o n s  

Although t h e r e  d o e s n ' t  a p p e a r  t o  have been any compel l ing  r e a s o n  f o r  

t h e  absonce  o f  coopera t  i o n  o v e r  r e a p e r s  i n  O n t a r i o  1850-70, t h e  s p a t i a l  a s g e c t  

!nq:gest s t h a t  t h e r e  were some dif'f i c u l t  i e s .  I n  p a r t i c u l a r  t h e  h y p o t h e s i s  t h a t  

f a rms  were n o t  d i s t r i b u t e d  such  t h a t  s i m i l a r - s i z e d  fa rms  were c l u s t e r e d  t o -  

g e t h e r  was s u p p o r t e d  i n  a l l  t h r e e  sample c o u n t i e s .  I n  t h e  York sample,  which 

c o n t a i n e d  o n l y  i n l a n d  l o t s  from one o f  t h e  most un i fo rmly  f e r t i l e  c o u n t i e s  i n  

O n t a r i o  and shou ld  t h u s  have been r e l a t i v e l y  we l l -p laced  f o r  c o o p e r a t i o n ,  t h e  

problem o f  f i n d i n g  a n  a d j a c e n t  e q u i v a l e n t - s i z e d  farm i n  t h e  r e l e v a n t  r a n p  

was most marked. I n  Huron county t h i s  problem was l e a s t  s e v e r e ,  but i n  t h e  

18>0s  and 1860s t h e r e  would have been many g a p s  i n  t h e  l a n d h o l d i n g  p a t t e r n  

which no l o n g e r  e x i s t e d  i n  1873. F i n a l l y ,  i n  t h e  C a r l e t o n  sample,  which had 

t h e  most c lear-cut  s u p p o r t  f o r  t h e  "haphazard d i s t r i b u t i o n "  h y p o t h e s i s ,  t h e r e  

was Rornc tendency f o r  t h e  d i s t r i b u t i o n  o f  a d j a c e n t  fa rms  t o  f a v o u r  c o o p e r a t i o n  

i n  t h e  range  o f  p o t e n t i a l  c o o p e r a t o r s ,  but  h e r e  t h e  g e o g r a p h i c a l  f a c t o r s  were 

l e a s t  f avourab le .  

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



t h e s e  coun t i e s  sugges ts  t h a t  i d e a l  condi t ions  were not prevalent  i n  Ontario as 

a whole. I n  t h e  l i g h t  o f  t h e  b r e v i t y  of  t h e  harves t  season ( c f .  p. 27) t h i s  

provides some explanat ion f o r  t h e  frequent  mention i n  t h e  contemporary l i t e r a -  

t u r e  o f  t h e  cumbersome na tu re  o f  r eape r s  ( s i n c e  t h i s  des ign  f e a t u r e  becomes 

important as a c r i t i c a l  b a r r i e r  t o  cooperat ion)  and o f  t h e  absence of any men- 

t i o n  o f  cooperat ion a c t u a l l y  t a k i n g  place i n  Ontario. 

The case  must no t ,  however, be overs ta ted .  The most re levant  point  

i n  t h i s  chapter  f o r  t h e  r e s t  o f  t h e  t h e s i s  is  t h e  l a c k  o f  empir ica l  evidence 

o f  cooperation. This  is a s t rong  argument, even though our  a t tempts  t o  exp la in  

t h e  phenomenon a r e  f a r  from conclusive. The county samples do no more than  

suggest why, given t h e  cumbersome reape r s  and t h e  shor t  harves t  season, co- 

ope ra t ion  might have been uncommon. Geographical o b s t a c l e s  may a l s o  have 

ru led  out  some p o t e n t i a l  cooperators ,  a l though e s p e c i a l l y  i n  t h e  south  west 

t h i s  was no major problem. I f  cooperat ion d i d  i n  f a c t  e x i s t  t hen  our 

e s t ima tes  of  t h e  number o f  r eape r s  w i l l  be underest  imates, but so long as 

cooperat ion w a s  uncommon then  t h e  method o f  ob ta in ing  t h e s e  e s t ima tes  remains 

va l id .  
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TABLb: I .  T h e  Farrno In t h e  York County Sample 

Townohie 

Vaughan 

Markham 

Markhnm 

b s t  Cw i 11 i mbury 

Kinf: 

King 

Vau&han 

King 

Whit echurch 

Oeorgina 

East Cwillimbury 

 kin^ 
King 

Concession 1% 

Lot Number 

I I 

V I  I 

IX 

I11 

I 

IX 

VI 1 
T 

VI I 

I I I 

v 

v 
VIII 

Landholder Holding 

S. Thompson 30 a c r e s  
M. Mortson 25 a c r e s  
J. Beynon 25 a c r e s  

P. Keesor 40 a c r e s  
T. Robinson 83 a c r e s  
A. Harker 25 a c r e s  

W. F o s t e r  100 a c r e s  

M. Doan 50 a c r e s  
W .  Richardson 90 a c r e s  
J. Cowlson 125 a c r e s  

T. Mortson 50 a c r e s  
J. Thompson 50 a c r e s  

J. Cherry 150 a c r e s  
0. S u l l i v a n  25 a c r e s  
J. McKenzie 122 a c r e s  
H. A l l i s o n  1% a c r e s  

Woodbridge Vi l l age  
T. "1 b ~ a i ~ c e y  - - 30 a c r e s  

G. Kaizer  40 a c r e s  
J. McCoy 30 a c r e s  

Montezuima Brothers  50 a c r e s  
C. Spofford 50 a c r e s  

Too c l o s e  t o  edge of  map (no t  a l l  
ad jacent  farms a r e  known). 

S. Cole 25 a c r e s  
E. S t l l e s  25 a c r e s  
G. Stiles 50 a c r e s  

Lake and Laskay v i l l a g e .  

W, McDevitt 7 5  a c r e s  
W .  P roc to r  175 a c r e s  

NOTE: The l o t s  occupied by Woodbridae and Laskay v i l l a g e s  were ignored because 
they  were subdivided i n t o  numerous town l o t s .  

Source: Miles & Co. : I l l u s t r a t e d  H i s t o r i c a l  Atlas o f  t h e  County of York 
 o or onto, 18781. 



TABLE 11. The  D i a t r l b u t i o n  by acreage  o f  farms ad jacent  t o  t h e  sample farms 
l ~ o r k  county1 

Acreage o f  Adjacent Farms 
over  200 

Farmer Acreage 10->0 a c r e s  50-100 a c r e s  100-200 a c r e s  a c r e s  Z 1 - 
S. Thompson 50 
M. Mortson 2 5 
J. Beynon 2 5 
P. Reeoor 4 0  
T. Robinson 8 5 
A. Barker 2 5 
W. F o s t e r  1 00  
M. Docrn 30 
W. Hichardeon 90 
J. Cowleon 125 
T. Mortson 50 
J. Thompson 50 
J. Cherry 1 50 
0. Sul l ivan  2 5 
J. McKenzie 123 
H. A l l i son  1 4- 
T. Clancey 50 
a. Kaizer  40 
J. McCoy 3 0 
Monteziuma Bros.>O 
C. Spofforci 50 
S. Cole 2 5 
E. S t i l e s  25 
C. S t i l e s  50 
W .  McDevltt 7 5 
W. Proc to r  175 

Source: as f o r  Table I. 
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TABLE 111. Occupiers  o f  land i n  York County by s i z e  of ho ld ing ,  1870. 

10-50 a c r e s  

50-1 00  a c r e s  

100-200 a c r e s  

ove r  200 

Tot a1 

Number Percentage of  t o t a l  

131 3 26.8% 

Source: 1870-1 Census o f  Canada, vol.  3, p. 34. 

Note: Holdings o f  l e s s  t han  10 a c r e s  a r e  omi t ted ,  s i n c e  t h e s e  a r e  p r imar i ly  
town l o t s  and not r e l evan t  t o  a s tudy of g r a i n  c u l t i v a t i o n .  
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- 4 1  - 

Table V1. Occupiers o f  l a n d  i n  Huron and Car le ton  c o u n t i e s  by s i z e  of  
ho ld ings  i n  1870. 

10-50 a c r e s  >&loo a c r e s  100-200 a c r e s  ove r  200 acres T: i a l  -- 
Huron 

Number 1 ,309  2,523 802 81 4,715 
Percent  age 27.76% 5 3.51% 17.01% 1 - 7 8  

Car le ton  
? 599 1,179 591 

Percent  age 22.93% 45.14% 22.63% 

Source: 1870-1 Census o f  Canada Vol. 3, p. 2 9 ,  45. 

Note: Holdings o f  l e s s  than  10 a c r e s  are omitted. 



CHAPTER IV 

THE SIZE OF FARMS 

i n  i i ~ r :  modei used h e r e ,  t h e  ci lff 'usion o f  t h e  r e a p e r  is  t h e  conse- 

quenccb o f  n kind o f  ~ c i s s o r o  p r o c e s s ;  i n c r e a s e d  numbers o f  r e a p e r s  r e s u l t  from 

a reduced t h r e s h o l d  s i z e  o r  a change i n  t h e  farm s i z e  d i s t r i b u t i o n  o r  from 

bo th  o f  t h e s e  movements o c c u r r i n g  s imul taneously . '  I n  t h e  p r e v i o u s  c h a p t e r  

we examined a b a s i c  i s s u e  f o r  t h e  v a l i d i t y  o f  t h e  t h r e s h o l d  concept  ant! i n  t h e  

nex t  c h a p t e r  t h e  d e t a i l s  o f  c a l c u l a t i n g  t h e  t h r e s h o l d  s i z e  a r e  cons idered .  I n  

t h e  p r e s e n t  c h a p t e r  we w i l l  l ook  at t h e  o t h e r  b l a d e  o f  t h e  s c i s s o r s ,  i .e .  

farm s i s c n .  

Data on a c r e a g e  under  small g r a i n s  and t h e  d i s t r i b u t i o n  o f  farm 

s i z e s  a r e  c i v e n  i n  t h e  next  c h a p t e r .  Here we a r e  concerned w i t h  whether  it 1s 

valid t o  t r e a t  t h e s e  v a l u e s  as exogenous o r  whether  t h e y  a r e  deterrnmed,  In 

whole o r  I n  p a r t ,  by o t h e r  v a r i a b l e s  i n  t h e  model ( o u r  p rocedure  o f  s e p a r a t i n g  

t h e  e f f e c t s  o f  v a r i o u s  e x p l a n a t o r y  v a r i a b l e s  on r e a p e r  a d o p t i o n  assumes t h a t  

t h e s e  v a r l a b l e s  a r e  independent  o f  one a n o t h e r  and t h a t  t h e  d i r e c t  i o n  o f  

c a u n n l i t y  I S  from t h e s e  v a r l a b l e s  t o  r e a p e r s  and no t  v l c e  v e r s a ) .  Two a s n e c t s  

o f  t h l  s quc:it i o n  w i l l  be d i scussed : -  

1. why d i d  f a r m e r s  f a c e  an  upward-s lop in t~  long-run mare ina l  c o s t  

c u r v e  which d i s suaded  them frorn expanding t h e l r  a c r e a g e  t o  S 
max 

( c f .  c h a p t e r  2.2)? 

3 .  what were t h e  f o r c e s  l e a d i n g  t o  t h e  i n c r e a s e  i n  small g r a l n s  

a c r e a g e  I n  O n t a r i o  1850-TO? 

I ~ h e  - t h r ee  s e t s  o f  e x p l a n a t o r y  v a r i a b l e s  o f  c h a p t e r  2 can be compared t o  two - 
b l a d e s  o f  a p a i r  o f  s c i s s o r s  because  f a c t o r  p r i c e s  and t e c h n i c a l  change b o t h  
d e t e r m i n e  t h e  t h r e s h o l d  s i z e ,  

S~ = (i) (k s ) 



4 r  1 .  'I'hf. Slope o f  t h e  LonpRun M a r t ~ i n a l  Cost Curve 

The c o n d i t i o n  f o r  brin,yinf: a n  e x t r a  a c r e  o f  land I n t o  s m a l l  g r a l n r  

p roduc t ion  1 s  t h a t  t h e  n e t  p r e s e n t  v a l u e  o f  t h e  expec ted  p r o f i t  s t r eam from 

t h a t  a c r e  be p o s i t i v e .  The expected annua l  revenue i s  equa l  t o  t h e  e x p c c t d  

small ( T a i n s  y l e l d  I n  b u s h e l s  (Y*)  multiplied by t h e  expec ted  p r i c e  p e r  bushel  

t o  t h e  fa rmer  ( P  *), and t h e  expected a n n u a l  p r o f l t  1s t h e  expec ted  revenue 
P; 

mi nu^ es t i rnntcd a n n u a l  p r o d u c t i o n  c o s t s  f o r  t h a t  a c r e  ( A C  *). F u t u r e  p r o f i t s  
t? 

~lhould  be a p p r o p r i a t e l y  d i s c o u n t e d  and t h e  t o t a l  p r e s e n t  v a l u e  i s  t h e  sum o f  

t h e  discounted p r o f l t  flow up t o  t h e  f a r m e r ' s  t i m e  h o r i z o n ,  T. 'l'hp n e t  prcser.1, 

v a l u e  I S  L h ~ n  sum minus t h e  c o s t 3  of  p u r c h a s i n g  and c l e a r i n g  t h a t  a c r e ,  K. 

Thun t h e  marc ina l  c o n d i t i o n  f o r  t h e  j t h  a c r e  may be r e p r e s e n t e d  f o r m a l l y  as:- 

C l e a r l y  t h e  v a l u e s  o f  t h e  v a r i a b l e s  i n  t h i s  d e c i s i o n  r u l e  w i l l  no t  

be i d e n t i c a l  f o r  e v e r y  a c r e  i n  O n t a r i o ,  i n  p a r t i c u l a r  Y*, K and P * wil l .  vary .  
g 

Y i e l d s  on  a l l .  small g r a i n u  v a r i e d  p e a t l y  a c r o s s  O n t a r i o  ( c f .  t h e  annua l  

r e p o r t s  o f  t h e  O n t a r i o  Commissioner o f  A g r i c u l t u r e  i n  O n t a r i o  S e s s i o n a l  p a p e r s ) .  

I n  t h e  1850s  Crown l a n d s  were  s t i l l  r e a d i l y  a v a i l a b l e  at  a f i x e d  p r i c e .  The 

f l r n t  t o  be s e t t l e d  would be t h o s e  l a n d s  w i t h  t h e  b e s t  c o n j u n c t u r e  o f  low 

c l e a r i n f :  c o n t s ,  h igh  p o t e n t i a l  y l e l d s  and proximity t o  markets.  Then s e t t l e r s  

would buy l a n d s  w i t h  l e s s  and l e s s  f a v o u r a b l e  combina t ions  o f  c l e a r i n g  c o ~ t a ,  

y i e l d 3  and l o c a t i o n ,  u n t i l  t h e  marg ina l  c o n d i t i o n  e x a c t l y  o b t a i n e d .  The e f fcc?  

o f  d i m i n i ~ h i n y :  f e r t i l i t y  o f  t h e  marg ina l  unimoroved land was apparen t  i n  t h e  

e a r l y  18COs, e . g .  t h e  m i n i s t e r  o f  a g r i c u l t u r e  r e p o r t e d  i n  1863 t h a t : -  

"The C l e r g y ,  School  and Crown l a n d s  o f  t h e  Western P e n i n s u l a  ... 
a r e  mos t ly  s o l d ,  t h e  few l o t s  t h a t  remain a r e  g e n e r a l l y  o f  i n f e r i o r  
q u a l i t y .  The new townsh ips  between t h e  O t t a w a  and Lake Huron con- 



t a i n  much good land,  but they  a r e  separa ted  from t h e  s e t t l e d  town- 
sh ips  ... Moreover, t h e  good land ' in t h e s e  new townships i s  corn- 
posed o f  small t r a c t s ,  here  and t h e r e ,  separa ted  from each o t h e r  
by rocky r i d g e s ,  swamps and l a k e s  ... These unfavourable circum- 
s t ances  have induced t h e  b e t t e r  c l a s s  of s e t t l e r s  i n  Upper Canada 
t o  seek,  at t h e  hands of p r i v a t e  owners, f o r  lands  of  a b e t t e r  
q u a l i t y  and more d e s i r a b l e  loca t ion ,  though t h e  p r i c e  and terms of 
s a l e  a r e  more onerous than  f o r  t h e  lands  o f  t h e  Crown." (quoted i n  
I n n i s  and Lower, p. 527) 

Thus t h e  expected y i e l d s  from t h e  remaining Crown l ands  had become s u f f i c i e n t l y  

low, cons ider ing  t h e i r  d i s t a n c e  from t h e  market, f o r  t h e  purchase of p r i v a t e  

l ands  t o  be an  a l t e r n a t i v e  f o r  t h e  " b e t t e r  c l a s s  o f  s e t t l e r " .  Since improved 

land was a sca rce  resource ,  t h e  aggregate . supply  curve would be upward-sloping 

and, i n  t h e  aggregate,  expansion c o s t s  would be increas ing .  

S imi la r  arguments can be appl ied  t o  t h e  ind iv idua l  farmer wishing 

t o  inc rease  h i s  landholdings. An a d d i t i o n a l  cons ide ra t ion  here  is t h a t  a 

farmer w i l l  p r imar i ly  t r y  t o  expand h i s  holdings t o  adjacent  land. F i r s t  he 

w i l l  purchase adjacent  Crown lands  wi th  t h e  most favourable combination of  

c l e a r i n g  c o s t s ,  y i e l d  and proximity, t hen  l e s s  favourable Crown lands ,  u n t i l  

p r i v a t e l y  owned improved land becomes competi t ive wi th  these .  A l l  t h e  time 

he can p ick  land o f  d i f f e r i n g  K and Y* and t h i s  i s  what g ives  him a r i s i n g  

long-run marginal cos t  curve, because t h e s e  combinations become progress ive ly  

l e s s  and l e s s  favourable a s  h i s  acreage increases .  

2. Inc reases  i n  Small Grains Acreake 

Between 1850 and 1870 small g r a i n s  acreage i n  Ontario almost t r i p l e d  

( c f .  Table IX). I n  terms o f  equation ( 9 )  t h i s  increased  acreage can be 

explained by t h e  f a c t  t h a t  K and AC* f e l l  while  P * rose  dur ing  t h i s  period. 
g g 

The spread o f  b e t t e r  farming p r a c t i c e s  may a l s o  have cont r ibuted ,  but t h e r e  i s  

no evidence of  major improvements i n  y i e l d s  between 1851 (by which d a t e  Red 

F i f e  wheat had become t h e  major v a r i e t y  sown i n  Canada, Reaman p. 83-4) and 



t h a  lt\'{Oo. Likewine t h c r e  i s  no evidence t h a t  l e n o h e n i n g  o f  fa rmers ,  time 

hr j r i z c ;~ : ;  or r c ; d ~ c t  i i i i i  f i i ie i i .  raie o f  discount  occur red .  

Inc lus ion  of  reduct ion  o f  K a s  a cause o f  increased  small g r a i n s  

acrcace  does not c o n f l i c t  with t h e  argument o f  t h e  previous s e c t i o n ;  it i s  

c l e a r l y  p o s s i b l e  f o r  land-c lear inc  c o s t s  t o  be reduced a c r o s s  t h e  board with- 

ou t  a f f e c t  i n ~  t h e  r e l a t i v e  d i f f i c u l t y  o f  c l e a r i n g  d i f f e r e n t  a r eas .  We have 

a l r e a d y  noted t h a t  i n  sylvan Ontar io land-clearance r ep re sen ted  no small cos t  

(,Jones, p. 6 7 ) .  T h i s  cos t  was considerably reduced by t h e  use  o f  s t u m p p u l l e r s ,  

which were introduced i n  1850-1. Recent e s t ima te s  f o r  f o r e s t e d  a r e a s  o f  t h e  

e a s t e r n  United S t a t e s  have t h e  median labour  cos t  o f  land c l e a r i n g  f a l l i n g  from 

33 man-days per  a c r e  t o  25 a s  a r e s u l t  o f  t h i s  innovat ion ( ~ r i m a c k ) .  Un- 

f o r t u n n t e l y ,  we have no d a t a  on t h e  r a t e  of  d i f f u s i o n  o f  s t u m p p u l l e r s  i n  

On ta r io ,  which might have been slow because of  t h e  need f o r  many improvements 

ove r  t h e  rudimentary i n i t i a l  models. Thus we have l i t t l e  i d e a  o f  t h e  quan t i t a -  

t i v e  impact of  t h i s  innovat ion onthe va lue  of  K ,  and hence on t o t a l  small g r a i n  

acreage ,  up t o  1870. 

Movements i n  P * would depend pr imar i ly  on changes i n  t h e  c u r r e n t  
fz; 

p r i c e  o f  small g ra ins .  I n  1850 wheat was t h e  major small g r a i n  in  Ontar io ( c f .  

Table VII). The Toronto p r i c e  of  f a l l  wheat ro se  from an 1851 range o f  3s. - 
4n.M. t o  an 1855 ranee o f  8s.ld. - 11s.3d. The p r i c e  f e l l  t o  4s.7d. i n  t h e  

worst month o f  1857 but then  picked up aga in  through 1859. The p r i c e  of t h e  

second small g r a i n ,  o a t s ,  increased  even f a s t e r ,  t r e b l i n g  between 1851 and 

1856 ( ~ a ~ l o r  and Michel l ,  p. 59-60). The American C i v i l  War was d i sappo in t ing  

f o r  C a n a d i ~ n  wheat farmers  i n  t h a t  it d i d  not produce t h e  expected boom i n  

wheat p r i c e s  (because r a p i d  mid-West growth increased U.S. supply) ,  but it d i d  

s e e  a  high American demand f o r  o a t s  whose p r i ce  ro se  from 28g i n  1861 t o  43@ 

i n  1863. Also t h e r e  was an inc rease  i n  U.S. demand f o r  ba r l ey  as bee r  consump- 



t i o n  rose  o ix t een fo ld  between 1861 and 1865 (because o f  increased whiskey t a x  

and German immitTation),  l end ing  t o  Toronto ba r l ey  p r i c e s  be ing  over  606 every 

y e a r  1862-70 ( c f .  48g i n  1861 ) . F'urt hermore, Canadian bar1 ey was considered 

s u p e r i o r  t o  American and t h u s  was not h i t  by t h e  abrogat ion o f  Reciproci ty.  

I n  t h e  y e a r s  a f t e r  1865 wheat p r i c e s ,  which had f a l l e n  t o  9 6 ~  i n  1864, r o s e  t o  

a new hit:h o €  $1.80 i n  1867 - a high not  repea ted  u n t i l  t h e  Great War. I n  sum, 

Canadian  rain p r i c e s  were buoyant through t h e  1850s and 1 8 6 0 ~ ,  p r imar i ly  

because o f  e x t e r n a l  even t s  such ns t h e  Crimean War, t h e  U.S. C i v i l  War, increased  

(and p r i c e  i n e l a s t i c )  U.S. demand f o r  Canadian ba r l ey  and bad wheat h a r v e s t s  

i n  Europe 1866-7. 2 

Since P * r e p r e s e n t s  t h e  expected p r i c e  t o  t h e  farmer,  it would be 
g 

i n c r e a ~ i n g  ove r  t h i s  per iod  even f a s t e r  t han  t h e  Toronto p r i c e s  might suggest .  

The reason f o r  t h i s  i s  t h e  t r a n s p o r t a t i o n  improvements o c c u r r i n g  at t h i s  t ime,  

which reduced shipment c o s t s  t o  t h e  market. The importance of  t h i s  was wel l  

r ecomized  a t  t h e  t ime,  e.6. t h e  commissioner o f  pub l i c  works1 r epor t  o f  1859 

s t a t e d  that : -  

"With r e f e rence  e s p e c i a l l y  t o  g r a i n ,  t h e  g r e a t  a r t i c l e  of  t r a n s p o r t ,  
being both bulky In  i t s  n a t u r e ,  and low i n  va lue  i n  t h e  D i s t r i c t s  
surrounding t h e  g r e a t  l a k e s  where it is produced, cheapness o f  
Transport  i n  p e c u l i a r l y  important ,  and i s  becoming y e a r l y  more so ,  
ao t h e  r eg ions  o f  product ion ge t  more and more remote from t h e  
p lace  o f  consumption." (quoted i n  I n n i s  and Lower, p. 470n) 

Contemporaries '  major eno rg ie s  were, however, d i r e c t e d  t o  t h e  t runk  r o u t e s ,  

above a l l  i n  competing wi th  American west-east r o u t e s ;  a con te s t  i n  which t h e  

S t .  Lawrence r o u t e  met wi th  l i t t l e  success ,  as t h e  cana l  system f a i l e d  t o  a t t r a c t  

2 
I t  I n  an:zurned t h a t  Canadian e r a i n  p r i c e s  a r e  determined on t h e  world market, 
whero Cnnadlan supply was a s u f f i c i e n t l y  small propor t ion  o f  t h e  whole not 
t o  a f f e c t  t h e  p r i ce .  Thus t h e  v a r i a b l e  P * was a determinant  o f  t h e  sow- 

g 
i n g  d e c l s i o n  but was i t s e l f  independent o f  0 n t a r i o  g r a i n  product ion i n  t h i s  
y e a r ,  l a s t  y e a r  o r  any o t h e r  t ime period. 



t r a f f i c  from t h e  E r i e  Canal and, so f a r  as g r a i n  was concerned, t h e  Grand Trunk 

ra i lway was no cheaper than  t h e  cana l s  up t o  1871 (1nn i s  and Lower, p. 492-3). 

Since any reduc t ions  i n  shipment c o s t s  from Toronto would be picked up i n  t h e  

Toronto p r i c e s  ( i f  t hey  were t o  bene f i t  t h e  farmers at a l l ) ,  t h e s e  t runk r o u t e s  

a r e  not our  main concern. More s i g n i f i c a n t  t o  u s  w a s  t h e  increase  i n  l o c a l  

rai lway l i n e s  a s  f eede r s  from t h e  country a r e a s  t o  t h e  c i t i e s  and por ts .  I n  

1850 t h e r e  were no ra i lways  i n  Upper Canada, but by 1870 t h e r e  were over  two 

thousand mi les  o f  t r a c k  i n  ope ra t ion   rout). The p o t e n t i a l  e f f e c t s  o f  t h i s  

rai lway cons t ruc t  ion  can be i l l u s t r a t e d  by a sample c a l c u l a t i o n ;  wi th  average 

rail  r a t e s  o f  39 pe r  ton-mile and overland f r e i g h t  c o s t i n g  159 pe r  ton-mile, 

t o  a farmer f i f t y  mi les  i n t o  t h e  i n t e r i o r  t h e  a r r i v a l  o f  t h e  rai lway is 

equivalent  t o  an  inc rease  i n  t h e  p r i c e  o f  wheat o f  20e pe r  bushel.  This  

ga in  i n  p r i c e  may have been g r e a t e r  than  t h e  average, i f  farmers were l e s s  

than  f i f t y  mi les  from a por t  o r  i f  farmers s t i l l  had 

t r a n s p o r t  t o  ge t  t h e i r  g r a i n  t o  t h e  rai lway s t a t i o n .  

* 
i n g  o f  t h e  ra i lway d i d  inc rease  P on many a c r e s  i n  

g 

A t  t h e  same t ime as t h e  farmert  s expected 

c u l t i v a t i o n  c o s t s  were f a l l i n g ,  p r imar i ly  because o f  

t o  use o t h e r  means o f  

Nevertheless ,  t h e  com- 

Ontario . 
revenue was inc reas ing  h i s  

mechanizat ion  o f  harvest-  

i n g  and po st-harve st opera t  ions. An at tempt at quant i fy i n g  such improvement s 

i n  U.S. labour  p roduc t iv i ty  has been made ( ~ a r k e r  and ~ l e i n ) ,  and, given t h e i r  

geographical similarit i e s ,  t h e  e s t ima tes  f o r  t h e  nor theas t  e r n  United S t a t e s  

( i .e .  New England, New York, New Je r sey  and ~ e n n s ~ l v a n i a )  may g ive  a rough 

approximat ion o f  cond i t ions  i n  Ontario. For t h e  "premechanized" period (1 830- 

60) t h e  average labour  requirements per  bushel of wheat were 1.32 hours f o r  

preharvest  opera t  i ons  (ploughing, sowing and harrowing), 1.03 f o r  ha rves t ing  

opera t  i ons  and 0.73 f o r  postharvest  opera t  i ons  ( th resh ing  and winnowing) f o r  a 



t i  f . t o : .  F'or ont:: t ,hc  c o r r n n l m n d i n ( ~  f i  , . ;l~res werc 0. 50, 0.43 anti 

I o r  i t o t  1 0 t 1 3 h i .  Uy 18:!C\-1()10 thcbr,e l a b o u r  r e q u i r e m e n t %  had 

f i i l l .cn to ij.00, O.17 and 0.19 w i t h  a  t o t a l  o f  1.02 f o r  wheat and 0.31, 0.1 1  

and 0.33 w i  t.h i t  i . o t a l  o f  0.65 f o r  o a t s .  Even ~f t h e s e  f i ~ ~ r e r :  do a p p l y  t o  

Ont,ar.jo it, should  be noted t h a t  t h e y  o v e r s t a t e  t h e  magnitude o f  t h e  r e d u c t i o n  

i n  a v c r a p  c-onts b e c n u w  s m e  o f  t h e  r c l ~ v n n t  inno!.s.t. j o n s  were i n t r o d u c e d  after 

1870 ( ~ n d  twcnune a p i c u l  t u r a l  wages r o s e  1850-70 ( s e e  hc1 .0~) .  

So L'nr we have assumed t h a t  a l l  p o t e n t i a l  small g r a i n s  land had no 

nif:nif icrint  o p p o r - t u n i t y  c o s t .  T h i s  would no t  be t r u e  i f  t h e  fa rmer  saw h i s  

cropzq ng s u t x t i t u - t a b l e  one f o r  a n o t h e r ,  i n  which c a s e  t h e  p r i c e  and produc- 

t i o n  cos t : ;  oi '  small ( y a i n s  r e l a t i v e  t o  o t h e r  c r o p s  would b e  t h e  r e l e v a n t  

v a r i n b l e n ,  r a t h e r  t h a n  t h e  a b s o l u t e  p r i c e  and c o s t s  o f  small s a i n s .  I n  m i d -  

c e n t u r y  O n t , i ~ r i o ,  however, t h e  commercial ly produced c r o p s  were a lmos t  e n t i r e l y  

nmall ,?rains.  T h i s  i s  c l e a r  i n  e x p o r t s ,  whcre small p a i n s  and t h e i r  p m d u c f c  

valued $7',,0,000 and no o t h e r  c r o p  $1000 i n  1849 (w.H. Smith  v o l .  I ,  p. c x v i i i ) ,  

and ttic.re i n  no e v i d e n c e  o f  a s u b s t a n t i a . 1  domes t i c  market  i n  any o t h e r  crop.  

Thun we have a p i c t u r e  o f  t h e  O n t a r i o  farmer  as p a r t  s u b s i s t e n c e  fa rmer ,  pro- 

d u c i n c  v e c e t a b l e s  f o r  h i m s e l f  and food f o r  h i s  l i v e s t o c k ,  and p a r t  c a s h  c r o p  

p roducer ,  w i t h  1 i t t l e  s u b s t i t u t i o n  between cash  c r o p s  and s u b s i s t e n c e  c r o p  pro- 

d u c t i o n ;  p . ~ .  he  would s h i f t  from wheat t o  b a r l e y  p r o d u c t i o n  i f  t h e  r e l a t i v e  

p r i c e  o f  t h c s e  two c r o p s  changed s u f f i c i e n t l y ,  but no t  from p e a s  t o  wheat .  3 

Thus t h e  major  f a c t s  r e s p o n s i b l e  f o r  - the  i n c r e a s e d  small g r a i n s  

acrcal:c i n  O n t a r i o  1850-70 were improved l a n d - c l e a r i n 9  t e c h n i q u e s ,  i n c r e a s e d  

' ~ h l s  nonvlur;>on is i n  l i n e  w i t h  s t u d i e s  on p r e s e n t  day  l e s s  developed countries 
whlch have found ve ry  low pr ice /ac reage  e l a s t l c i t l e s  f o r  most c r o p s ,  bu t  high- 
e r  elasticities f o r  t h e  few c a s h  c r o p s  (e.g. Kr l shna) .  



(:rain p r i c e : ;  ;lnd reduced c o s t s  of' product ion.  It would be d e s i r a b l e  at t h i s  

ctaf:e t o  e n t  imate  t h e  r e l a t  i v e  importance o f  t h e s e  t h r e e  c a u s a l  f ' ac to r s ,  but 

h e r e  we e n c o u n t e r  d a t a  problems. A s a v i n g  o f  some e i g h t  hours  l a b o u r  pe r  ac r . ?  

c l e a r e d  usin?:  s tump-pul1e. r~ would appear  t o  be s i g n i f i c a n t ,  but  we do no t  know 

how widenpread a t u m p p u l l e r s  were by 1870. S i m i l a r l y  t h e  s i g n i f i c a n c e  o f  t h e  

i n c r e a s e d  p a i n  p r i c e s  is hard t o  q u a n t i f y ,  because ,  a p a r t  from t h e  t e c h n i c z l  

d i f f i c u l t i e s  o f  c r e a t i n c  a s i n g l e  p r i c e  index ,  we have no i n f o r m a t i o n  on f a r m e r s '  

t i m e  h o r i z o n s  o r  d i s c o u n t  r a t e s .  The problem w i t h  t h e  r a i l w a y s  is t h a t ,  w h i l e  

t h e y  a f f e c t e d  most o f  t h e  grain-grow in^: r e ~ i o n s  o f  t h e  p r o v i n c e ,  t h e i r  e f f e c t s  

would d i f f e r  between fa rms ,  t h u s  making t h e  concept o f  an  "average" i n c r e a s e  i n  

P * becaune o f  r a i l w a y  c o n s t r u c t i o n  r a t h e r  tenuous.  N e v e r t h e l e s s  it would 
g 

a p p e a r  t h a t  a l l  o f  t h e  f o r e g o i n e  f a c t o r s  were q u a n t i t a t i v e l y  impor tan t .  

More c r u c i a l  i n  t h e  p r e s e n t  c o n t e x t  is t h e  e f f e c t  o f  reduced c o s t s  o f  

prorfllct. i r?n !'cllcwing t h e  i z t  rsduct  ioi; o f  t h e  reaper. The argument t h a t  t h e  

r e a p e r  reduced a v e r a g e  c o s t s ,  t h u s  i n c r e a s i n g  t h e  op t imal  a c r e a g e  under  small 

c a i n s ,  i g  l o g i c a l l y  u n d e n i a b l e  and i s  t h e  most s e r i o u s  s o u r c e  o f  doubt on 

t h e  v a l i d i t y  o f  o u r  p rocedure  o f  s e p a r a t i n g  t h e  c a u s e s  o f  r e a p e r  adopt ion.  

T h u ~  it  is e s s e n t i a l  t o  make some judgment o f  t h e  q u a n t i t a t i v e  importance o f  

t h i s  cause  o f  i n c r e a s e d  a c r e a g e  i n  o r d e r  t o  a s s e s s  how d e s t r u c t i v e  it is t o  

o u r  model. 

According t o  t h e  Parker-Klein e s t i m a t e s  premechanized h a r v e s t i n g  

o p e r a t i o n s  r e q u i r e d  1.03 h o u r s  o f  l a b o u r  p e r  bushel  o f  wheat. O f  t h e  h a r v e s t -  

i n g  l a b o u r  requ i rements ,  r e a p i n g  and r a k i n g  took  l e s s  t i m e  t h a n  b i n d i n g  and 

s t o c k i n g  ( ~ u t c h i n s o n  I ,  p.  73n) ,  t h u s  t h e  a b s o l u t e  maximum t h a t  t h e  r e a p e r  could  

s a v e  wan h a l f  a n  h o u r ' s  l a b o u r  p e r  bushel  o f  wheat. The r e a p e r ,  however, s t i l l  

r e q u i r e d  some l a b o u r  (even  w i t h  t h e  s e l f - r a k e  r e a p e r  one s i x t h  o f  t h e  o l d  l a b o u r  

f o r c e  wae needed, ch. 5.1 ) and i n c u r r e d  some capital c o s t .  Assuming t h a t  t h e  



reap inf r  cmti r n k i n c  c o s t s  p e r  bushe l  of  wheat wi th  a mechanical r e a p e r  were t h e  

e y u i v u 1 c . n ~  oi'  q u a r t e r  o t  an h o u r ' n  l a b o u r  i n  187u ,  t h e n  u s l n g  t h e  w a p ?  r a t e s  

o f  c h a p t u r  '1.3 we f i n d  t h a t  t h e s e  c o o t s  f e l l  from 0.5 x 12.5 = 6 . 2 5 ~ .  i n  1850 

t o  0.35 x 1 5  = 3 . 7 5 ~ .  i n  1870 (assuming a t e n  hour work day) ,  i . e .  a r e d u c t i o n  

o f  2 . 5 ~ .  p e r  bushel .  S i n c e  t h e  shor t - run average  c o s t  c u r v e s  a r e  assumed 

h o r i z o n t a l  f o r  bo th  c r a d l i n q  and mechanical  reapin,:, a f t e r  t h e  i n t r o d u c t i o n  o f  

t h e  r e a p e r  t h e  LRMC c u r v e  remains  upward-sloping. The i n t r o d u c t i o n  of  t h e  

r e a p e r  d i d  s h i f t  t h e  LRMC c u r v e  t o  t h e  r i g h t ,  bu t ,  i f  t h e  r e d u c t i o n  i n  AC * is  
f= 

compared t o  t h e  c o n c u r r e n t  i n c r e a s e s  i n  P *, it can be seen  t h a t  t h e  s h i f t  i n  
C: 

t h e  LRMC c u r v e  caused by t h i s  f a c t o r  i s  o n l y  a small p a r t  o f  t h e  t o t a l  movement. 4 

Thun, as a n  e x p l a n a t i o n  o f  i n c r e a s e d  small  rains a c r e a g e ,  t h e  r e d u c t i o n  i n  

averaRe c o s t s  fo l lowinp;  t h e  i n t r o d u c t i o n  o f  t h e  r e a p e r  is r e l a t i v e l y  minor. 

Even though r e a p e r  a v a i l a b i l i t y  d o e s  no t  have a g r e a t  e f f e c t  on t o t a l  

a c r e a g e ,  it i s  r e l e v a n t  t o  a s k  whether  it might change t h e  shape o f  t h e  d i s t r i -  

b u t i o n  o f  t h a t  a c r e a g e ,  f o r  t h i s  t o o  is a p o s s i b l e  source  o f  r e v e r s e  c a u s a l i t y .  

A p l a u s i b l e  argument is, s i n c e  t h e  r e a p e r  owner h a s  lower h a r v e s t i n g  c o s t s  on 

a l l  a c r e s  once h i s  farm is l a r g e r  t h a n  t h e  t h r e s h o l d  s i z e ,  he h a s  g r e a t e r  

i n c e n t i v e  t o  expand h i s  a c r e a g e  t h a n  t h e  small farmer. On t h e  o t h e r  hand, s i n c e  

t h e  q u a n t i t a t i v e  s i g n i f i c a n c e  of  t h i s  c o s t  d i f f e r e n t i a l  i s  small compared t o  

t h e  o t h e r  v a r i a b l e s  a f f e c t i n g  t h e  sowing d e c i s i o n  ( s e e  p r e v i o u s  p a r a g r a p h ) ,  

t h i s  added i n c e n t i v e  would n o t  be v e r y  g r e a t .  For  any i n d i v i d u a l  farmer  seek- 

4 Even i f  t h e  c a p i t a l  c o s t s  p e r  bushe l  were minimal t h e  t o t a l  c o s t s  Der bushe l  
i n  1870 would have been 0.1 x 15 = 1.56, imply ing  a r e d u c t  i o n  i n  AC c f  4.75e 

E: p e r  bushe l .  A t  t h e  o t h e r  ex t reme ,  i f  r e a p i n g  and r a k i n g  c o s t s  were t h e  equiva- 
l e n t  o f  25 minutes  l a b o u r  i n  1870, t h e  r e d u c t i o n  i n  AC would have been pre- 

g 
c i s e l y  ze ro .  Any o f  t h e s e  r e d u c t  i o n s  a r e  small compared t o  t h e  i n c r e a s e  o f  
more t h a n  a d o l l a r  i n  Toronto  wheat p r i c e s  between 1850 and 1870, t h e  i n c r e a s e  
i n  t h e  p r i c e  r e c e i v e d  by t h e  farmer  a f t e r  t h e  b u i l d i n g  o f  r a i l w a y s  o r  t h e  
r e d u c t i o n  i n  p r e p a r a t i o n  c o s t s  f o l l o w i n g  t h e  i n t r o d u c t i o n  o f  pa ten ted  stump- 
p u l l e r s .  



in(: t o  exprind h5n a c r e a g e  t h i n  k ind  o f  conn i .de ra t lon  cou ld  e a s i l y  be more t h a n  

off ':;et by t h e  problem o f '  o b t a i n i n f :  a d j a c e n t  l and .  'Fhj s would a p p e a r  t o  be 

suff ' i  c i e n  t exp lana t  i o n  o f  t h e  ~ b s e n c e  o f  any  major t r e n d  towards  c o n c e n t r a t  i o c  

o f  land-ownership f o l l o w i n g  t h e  i n t r o d u c t i o n  o f  t h e  r e a p e r  i n  O n t a r i o .  

3. Conc lus ions  

We can now s t a t e  t h e  rnsin c o n c l u s i o n s  t o  t h e  q u e s t i o n s  asked  at t h e  

bccinnin( :  o f  th1.s c h a p t e r .  S i n c e  d i f f e r i n g  p i e c e s  o f  land e n t a i l e d  d i f f e r e n t  

clearincn: c o s t s  and had v a r y i n g  d e g r e e s  o f  f e r t i l i t y  and d i s t a n c e  from t h e  

marke t ,  expansi.on c o s t s  were i n  t h e  a g g r e g a t e  i n c r e a s i n g .  T h i s  was a l s o  t r u e  

f o r  t h e  i n d i v i d u a l  f a rmer ,  and t h e  a l r e a d y  e s t a b l i s h e d  f a r m e r  had t h e  a d d i t i o n a l  

problem o f  f i n d i n e  adjacent,  l and .  Thus t h e  long-run marg ina l  c o s t  c u r v e  was 

upward-sloping i n  t h e  a e g r e g ~ t e  and f o r  i n d i v i d u a l  f a rmers .  

I n  t h e  185G70 p e r i o d ,  t h i s  c o s t  c u r v e  was s h i f t i n g  t o  t h e  r i e h t  

bccausct o f  zmprovetl l a n d - c l e a r i n g  t e c h n i q u e s ,  e s p e c i a l l y  t h e  development of '  

p a t e n t e d  s tump-pul lers ,  and at t h e  same t i m e  e x p e c t e d  p r o f i t s  from small p - a j n r  

product  i o n  were i n c r e a s i n g  because  o f  f a v o u r a b l e  p r i c e  movements and,  t o  a 

l e s s e r  e x t c n t ,  reduced c o s t s .  S i n c e  a l l  o f  t h e s e  chanyes  d i d  not  a f f e c t  a l l  

a c r e n  e q u a l l y ,  t h e  shape o f  t h e  c u r v e  would a l s o  have changed,  but  t h e  ar,w- 

ment t h n t  t h e  s l o p e  was p o s i t i v e  remains  i n t a c t .  The movement o f  t h e  LRMG 

c u r v e  l e d  t o  many p r e v i o u s l y  sub-marginal  a c r e s  becoming p r o f i t a b l e ,  and hence 

t o  a l a r g e  i n c r e a s e  i n  t o t a l  a c r e a g e .  

There  is a c a u s a l  l i n k  between r e a p e r  a v a i l a b i l i t y  and acreaKe u n d e r  

ma l l  g r a i n s .  Thus, i f  f a c t o r  p r i c e s  l e a d  t o  r e a p e r  a d o p t i o n  which l e a d s  t o  

g r e a t e r  acreatye under  small g r a i n s  and t h e r e  i s  no o t h e r  r e a s o n  why t h e  i n c r e a r , ~  

i n  a c r p a g e  o c c u r r e d ,  o u r  model would m i s t a k e n l y  a s c r i b e  some c a u s a l  impor tancc  

t o  t h e  i n c r e a s e  i n  ac reage .  It was found, however, t h a t  i n  O n t a r i o  between 



1 R1,O nnll 1 8 ' / 0  t t \ c r c  w p r ' ~  o t h e r  tie term] n a n t s  ~f t o t a l  ac rcxp?  and ,  compared 

i o  i n t . : t c . ,  t rlcL :iv;t L l i i n l l  l t y  o  t r e a p e r s  was quant I t a t , l v e l y  a m 1  nor  fact ,or .  ' Thur 

o u r  method o f '  sepnrcttlnl: f a c t o r  p r l c e s  from s c a l e  o f  operations as independent  

e x p l n r ~ a t o r y  vnr lable : ;  o f  r e a p e r  adopt  ion  remalns v l a b l e .  

5 
' T h i n  conc lun ion  i s  c o n s i s t e n t  w i t h  t h e  findiniys o f  a  r e c e n t  s t u d y  by Shcn. 
He p r o p o : : ~ ~  a model based on: 

" t h e  :i:;sumption o f  a d e f i n i t e  anti i r r e v e r s i b l e  o r d e r  i n  t h e  s e a r c h  and  
d ~ l i \ w t . n t i o n  and d e c i s i o n s  by p roducers  w i t h  re,-r.d t o  dynamic inpu t  
nncl o u t p u t  changes. S p e c i f i c a l l y  primacy i n  d r s c e n d i n c  o r d e r  is a s s i c -  
net1 t o  t h e  d e c i s i o n  v a r i a b l e s :  s c a l e ,  t echno logy  and ( fo l lowed  i n  a 
t i e )  ::uhnt i t u t  i o n  and e f f i c i e n c y "  a hen p. 265-6), 

which h c  t e s t s  a p i n s t  c r o s s - s e c t i o n a l  d a t a  from Massachuse t t s  manufac tu r ing  
p l a n t s ,  and a f t e r  some j u g g l i n g  he conc ludes  t h a t  t h i s  model g i v e s  a good 
e x p l a n a t i o n  o f  t e c h n o l o r n  d i f f u s i o n .  H i s  model i s  d . i r e c t l y  comparable t o  
o u r  t r ea tment  o f  t h e  O n t a r i o  fa rmer t  s decision-making p rocess .  We have con- 
c luded t h a t  g iven  t h e  pa ramete rs  ( c o s t  o f  c l e a r i n g  l a n d ,  expec ted  y i e l d  from 
t h a t  land :wid o u t p u t  p r i c e )  t h e  fa rmer  d e t e r m i n e s  h i s  s c a l e  o f  o p e r a t i o n s .  
F o r  Lhc accond d e c i s i o n  of '  c h o i c e  of' t e c h n i q u e  h i s  pa ramete rs  a r e  now t h e  
a t t r i b u t e s  o f  a l t e r n a t i v e  t e c h n i q u e s  facinr: him ( i n  t e rms  o f  phys ica l  pro- 
d u c t i v i t y ) ,  f a c t o r  p r i c e s  and s c a l e  o f  o p e r a t i o n s .  Once he h a s  chosen between 
a r e n p a r  anti c r n d l i n f ;  he h a s  no c h o i c e  o v e r  f a c t o r  s u b s t i t u t i o n  ( b e c a u s e  t h e r e  
a r e  f i x e d  pro p o r t  i o n s  w i t h i n  each t e c h n i q u e ) ,  but  e f f i c i e n c y  may v a r y  between 
fnrrncrs i f '  X - e f f i c i e n c y  e x i s t s .  We c o n c e n t r a t e  on t h e  second d e c i s i o n ,  c h o i c c  
o f  t e c h n i q u e ,  and t a k e  t h e  s c a l e  o f  o p e r a t i o n s  as datum (determined by exo- 
genous f o r c e s )  and assume t h a t  in te r - fa rmer  v a r i a t i o n s  i n  e f f i c i e n c y  do n o t  
a f f e c t  t h e  c h o i c e  o f  t e c h n i q u e ,  which i s  t h e  assumption made by Shen. 



Data a r e  p r e s e n t e d  h e r e  f o r  (a,) l a b o u r  s a v i n g ,  ( b )  t h e  annua l  c o s t  

o f  a r e a p e r ,  ( c )  t h e  wage r a t e ,  ( d )  t o t a l  a c r e a g e ,  number o f  fa rms  and farm 

o i z e  d i s t r i b u t i o n ,  and ( e )  number of r e a p e r s .  The y e a r s  s t u d l e d  a r e  r e s t r l c t c d  

t o  1850, 1860 and 1670 because t h e  d e c e n n i a l  censuses  a r e  t h e  o n l y  s o u r c e  o f  

d a t a  on numbers and 

1. Labour Sav ind  

L i s  t h e  
3 

s i z e  o f  farms. 
1  

number of' man-days of  l a b o u r  d i spensed  w i t h  by mechaniza- 

t i o n ,  p e r  a c r e  harvested:-  

L 5 m - 4 where n  = number of  a c r e s  c u t  by a r e a p e r  i n  a day, 
R 

n 
m = number o f  men needed t o  c r a d l e  n  a c r e s  I n  a 

day ,  q = number of o p e r a t o r s  p e r  reaper .  

With t h i : i  i 'ormulat ion w e  f o l l o w  David i n  c o n s i d e r i n g  t h e  o n l y  y i v a ? . e  wnmrn lc  

b e n e f i t  from t h e  a d o p t i o n  of  a r e a p e r  t o  have been a s a v l n g  o f  c r a d l i n ~  l abour .  

The p o s s i b i l i t y  o f  g a i n s  from i n c r e a s e d  ou tpu t  p e r  a c r e  o r  from s a v i n g  of 

l a b o u r  at  a l a t e r  s t a g e  of  p r o d u c t i o n  i s  cons idered  at  t h e  end o f  t h i s  s e c t i o n .  

I n  t h e  1850s McCormick r e a p e r s  were c la imed t o  c u t  1 5 2 0  a c r e s  p e r  

day ,  but t h i s  was working f u l l  speed and w i t h  a change o f  h o r s e s  at noon 

( i i u t c h i n ~ o n ,  Vol. 1 ,  p. 3 3 6 ) .  A s s e s s i n g  t h e  f a i r l y  e x t e n s i v e  U.S. ev idence  

f o r  t h e  p e r i o d  ( i n c l u d i n g  t h e  1860 c e n s u s ) ,  Rogln conc ludes  t h a t  t h e  a v e r a g e  

1 
I t  could be a rgued  t h a t  t h e  y e a r s  f o r  whlch we p o s s e s s  d a t a  a r e  1851, 7861, 
lb'T1, r a t h e r  t h a n  1850, 1860 and 1870. The censuses  cover  t h e  t w e l v e  months 
up t o  t h e  c e n s u s  d a t e ,  whlch i n  t h e  l a s t  c a s e ,  f o r  example, was 1 s t  A p r l l  
1871. Such magni tudes  as a c r e a g e  under  c r o p s  would r e f e r  t o  t h e  p r e v l o u s  
h a r v e s t ,  e . ~ .  1870, but t h e  s t o c k  o f  r e a p e r s  would be t h a t  h e l d  on t h e  
c e n s u s  d a t e .  On t h i s  last  p o l n t ,  however, t h e r e  was little p u r c h a s m g  o f  
r e a p e r s  o v e r  t h e  w i n t e r ,  so t h a t  t h e  A p r i l  1871 f i g u r e  would approx imate  t h e  
end o f  1870 figure. 



pc?rf'ormancr? ~n (i twe lve  hour day of' b o t h  t h e  hand-rake and ne l f - rake  reapers 

wr i !?  l ( ~ 1  2 ;:cy.pm (2G[;ix, p. 7 34-1 , m* i11ctr.e i s  l i t t i e  evicience t o  sugges t  t h a t  

reaper-n '  ()t?rForm:mcc i n  Canada w a s  much d i f ' f e r m t  . Denison s t a t e s  t h a t  Wood 1 s 

Reaper as made by Massey "could  c u t  t w e l v e  t o  f i f t e e n  a c r e s  o f  g r a i n  a day,"  

but i t  i n n ' t  c l e a r  whether  t h i s  r e p r e s e n t s  a maximum o r  a normal performance.  

Rofirin's summary of U.S. ev idence  on c r a d l i n g ,  mainly  t a k e n  from t h e  

e n s t o r n  n t n t e s ,  was t h a t  "There a p p e a r s  ... t o  have been a norm o f  performance 

f o r  t h e  c o u n t r y  as  a whole which approximated two a c r e s  ( p e r  man d a y ) , "  

( ~ o ~ i n ,  11. 128).  T h i s  seems t o  emphasize t h e  lower e s t i m a t e s  quo ted  by him, 

but n i n c e  t h e s e  a r e  from New York t h e y  may be t h e  most a p p l i c a b l e  f o r  Southern 

O n t a r i o .  Also,  s i n c e  t h e  s t a n d  o f  wheat was r e l a t i v e l y  heavy i n  O n t a r i o ,  t h e  
n - I 9  - 

lower  e ~ t i r n a t e s  a r e  a , p i n  t h e  more probable .  I f  m = ?, t h e n  L = 2 - n. 
S 

T h e  s e l f - r a k e  r e a p e r ,  i n t r o d u c e d  i n  1894 but  f i r s t  produced commer- 

c i a l l y  i n  Canada i n  1861 by Massey, had no e f f e c t  on n ,  but reduced t h e  number 

o f  o p e r n t o r a  from two t o  one. Thus,  if' we i n t r o d u c e  s u b s c r i p t s ,  1 r e f e r r i n ?  

t o  hand-rake r e a p e r s  and 2 t o  s e l f - r a k e  r e a p e r s ,  t h e n  q ,  = 2 and q2  = 1. If 

by taking n  = 10 and n  = 1 5  we can a l s o  s e t  upper  and lower  bounds:- 

There  i s  some r e a s o n  t o  b e l i e v e  t h a t  t h e s e  e s t i m a t e s  o f  L a r e  low. 
S 

F i r s t ,  t h e r e  was l e s s  s h a t t e r i n g  o f  p a i n  p e r  a c r e  where t h e  r e a p e r  w a s  used.  

Second, f ewer  b i n d e r s  were used a f t e r  t h e  r e a p e r  was in t roduced .  These  two 

c o n s i d c r a t l o n s  w i l l  be d i s c u s s e d  i n  t u r n .  

McCorrnick c la imed  t h a t  a bushe l  p e r  a c r e  o f  wheat was l o s t  when t h e  



c r a d l e  w : ~ r ,  ur:cd l n n t e a d  of' a r e a p e r  ( ~ u t c h l n s o n  I ,  p. 336). For  much of  

O n t a r l o  t h i a  would mean t h a t  a n  e x t r a  a c r e  would have t o  be c r a d l e d  i n  a clay 

n + l  
t o  o b t a ~ n  t h e  same o u t p u t  as a r e a p e r ,  1.e. m would be - 

2 
l n s t e a d  of n/2. 

On t h e  o t h e r  hand, much of' t h l s  s h a t t e r i n g  was o f  o v e r r l p e  pain, b e c a ~ s e  t h e  

harvo:lt l n , ~  was s lower  when c r a d l l n ~  was used. Thus, t h e  shattering could  have 

been reduced In pre - reaper  t i m e s  by h l r ~ n c  more men f o r  a  s h o r t e r  perloci. 

1 1 t h  an  e l a ~ t l c  l a b o u r  supp ly  t h i a  would not I n c r e a s e  c o s t s  and considerable 

doubt i s  c a s t  on McCormlckf 9 c la lm.  

A s a v l n g  of  up t o  t h r e e  b l n d e r s  per  day h a s  been c la lmed f o r  t h e  

r e a p e r  ( s e e  McCormick's l e t t e r  t o  t h e  "Albany C u l t i v a t o r "  o f  Jan .  1851, quoted 

Hutchlnvon 1,  p. 73) ,  a l t h o u g h  t h e  common e s t i m a t e  i s  a s a v l n g  o f  two b l n d e r s  

( ~ o g l n  p. 136). T h l s  can be e x p r e s s e d  I n  a r e v l s e d  form o f  e q u a t l o n  (> ) ,  vlz:- 

where: L . w P L . W ,  L = savlt-gs I n  b i n d e r s  p e r  a c r e  by n o t  u s i n g  
3 C 9 s 
c b 

c r a d l e r s ,  w = d a i l y  wage o f  a b inder .  The cause  o f  t h e  s a v i n g s  i n  b i n d e r s  i n  
b 

t h a t  t h e  r e a p e r  l e f t  t h e  g r a i n  l y i n g  i n  swath f o r  t h e  b i n d e r s  who fol lowed t h e  

machine, w h i l e  w i t h  c r a d l i n g  t h e  b i n d e r s  followed a much l e s s  o r d e r e d  p a t t e r n  

and made more l e i s u r e l y  p r o g r e s s .  The key f a c t o r  i n  r e d u c i n g  t h e  number o f  

b i n d e r s  was t h e  i n c r e a s e d  pace o f  work, r a t h e r  t h a n  any t e c h n i c a l  cons idera -  

t i o n s  pe r  s e .  Before  t h e  i n t r o d u c t i o n  of  t h e  r e a p e r  f a r m e r s  c o u l d  have made 

t h e  same l a b o u r  economies by a d o p t i n g  t h e  "b inder  s t a t i o n "  sys tem,  but t h i s  

was not  g e n e r a l l y  done because  t h e  use  o f  women and c h i l d r e n  was precluded 

under  t h i s  system by t h e  pace o f  work ( ~ o g i n ,  p. 103n). I f  t h e  two b i n d e r s  

made redundant by t h e  adven t  o f  t h e  r e a p e r  were f a m i l y  members w i t h  low oppor- 

t u n l t y  c o s t s ,  then  t h e  last  t e r m  i n  e q u a t i o n  5a ( i . e .  L . w ) w i l l  approach  
sb b  

zero .  The f a c t  t h a t  t h e  r e a p e r  f o r c e d  t h e  i n t r o d u c t i o n  o f  a system n o t  pre- 

v i o u s l y  u n d e r t a k e n  under  c o n d i t i o n s  o f  cho ice  s u g g e s t s  t h a t  t h i s  t t sav ing t t  may 



- 50 - 

oven h v t ?  b e e n  a c o s t  t o  t h e  f a r m e r ,  r a t h e r  t h a n  p r o v t d i n g  any monetary 

OCOn",il L Cir "*' 1 . n ~ ~  would  be t h e  c a s e  i f  he u t  i l i z e d  more t h a n  two non-adult- 

male f'amily members t n  b i n d i n g  b e f o r e  o b t a i n i n g  a reaper .  1 

2. The a n n u a l  c o s t  o f  a r e a p e r  1 
I 
I 

Data on t h e  purchase  p r i c e  o f  a r e a p e r  ( c )  a r e  s c a t t e r e d  and not  
I 
1 
1 

n e c e s s a r i l y  un l fo rm;  p r i c e s  i n  any y e a r  cou ld  va ry  f o r  d i f f e r e n t  f a r m e r s  depend- 

i n g  upon t h e  p a r t i c u l a r  model bought ,  t h e  d i s t a n c e  it had t o  be t r a n s p o r t e d  
l 

and t h e  a r r a n ~ e m e n t s  made f o r  payment. P a u c i t y  o f  d a t a  p r e v e n t s  u s  from b e t n g  

s c r u p u l o u ~  about  t h e n e  c o n d i t i o n s .  F i r s t  l e t  u s  summarize t h e  Canadian p r i c e s  

quo ted  i n  t h o  l i t e r a t u r e .  I n  1855 t h e  Manny hand-rake r e a p e r  produced by 

Masaey :- 

. . . l ' so ld  f o r  $1 30 w i t h  s t e e l  c u t t e r  b a r ,  $120 w i t h  wood, and i n c l u -  
ded as e x t r a s  one s e t  o f  k n i v e s ,  two b lades ,  two guards ,  one p i n i o n  
and one wrench."  e en is on, p. 32). . 

I n  183'7 d o m e s t i c a l l y  produced McCormick-style machines were s e l l i n g  i n  Canada 

f o r  81 25-1 30, w h i l e  McCormickl s own productwas o f f e r e d  t h e r e  at $1 6 0  ( ~ u t  chin- 

t h e  Manny hand-rake were  o f f e r e d  at $1 30  enis is on, p. 50). A t  t h e  1 8  

Committee o f  t h e  House o f  Commons I n q u i r y ,  F.T. F r o s t  o f  F r o s t  & hood 

p r i c e  o f  a combined r e a p e r  at P r e s c o t t  w i t h  twe lve  months c r e d i t  as $ 

eon, Vol 2, p. 647). I n  t h e  1862 Massey c a t a l o g u e  b o t h  Wood's s e l f - r a k e  and 

76 S e l e c t  

e v e  t h e  

125 

 e en is on, p. 64) .  The o v e r a l l  impress ion  i s  one o f  a p r e t t y  s t a b l e  p r i c e  o f  

$125-130. S i n c e  t h e  y e a r s  1873-6 saw g e n e r a l l y  f a l l i n g  p r l c e s ,  we w i l l  u s e  

$130 as t h e  v a l u e  o f  C f o r  b o t h  1860 and 1870. S i n c e  t h e r e  were no Canadian 

p r o d u c e r s  i n  1850, t h i s  y e a r  p r o v i d e s  some d i f f i c u l t y .  According t o  David t h e  

p r i c e  o f  McCormick r e a p e r s  i n  t h e  U.S.A. was about  820  l e s s  I n  1850 t h a n  i n  

1857, which i n  c o n j u n c t i o n  w i t h  t h e  1857 p r i c e  g iven  above s u g g e s t s  a Canadian 

s e l l i n p ;  p r i c e  o f  $140. We w i l l  u s e  t h i s  " f a u t e  de  m e i l l e u r " ,  bu t  it shou ld  be 
i 



borne In mind t h a t  a n  unknown q u a n t i t y  of reapers  was a v a i l a b l e  at lower p r i c e s  

In Canada as a  r e s u l t  of dumping fo l lowing  t h e  U.S. pa ten t  wars ( ~ h i l l i ~ s ,  

PP- 10, 40). 

I n  t h e  1850s r eape r s  had "an average l i f e  o f  n ine  o r  t e n  years"  

( ~ u t c h i n s o n  Vol 1 ,  p. 31 I ), t h e  l a r g e r  f i g u r e  presumably apply ing  t o  good ca re  

and normal use:- 

"With good c a r e  t h e  reaper  would harvest  one hundred a c r e s  per  
y e a r  f o r  t e n  years"  ( ~ u t c h i n s o n ,  Vol 1 ,  p. 73) 

There i s  some doubt as t o  whether "good care" was preva len t ;  American fa rmers  

tended t o  l eave  r eape r s  where they  were last used r e g a r d l e s s  o f  weather condl- 

t i o n s  ( ~ u t c h l n s o n ,  Vol 1 ,  p. 3 6 5 )  and it i s  u n l i k e l y  t h a t  Canadian farmers  o f  

t h e  t ime  were any more ca re fu l .  P o t e n t i a l l y  more damage t o  t h e  t h r e s h o l d  

hypothesia  would be caused i f  t h e  r e a p e r s 1  l i f e  could be extended by l e s s  

i n t e n s i v e  use ,  but t h e r e  i s  no evidence t o  suggest t h a t  t h i s  was t h e  case. Th i s  

expeciea i i f e  span obta ined  through t o  t h e  1870s:- 

"... a machine even at t h a t  t ime ( t h e  1870s) l a s t e d  very c l o s e  t o  
t e n  years"  ( ~ o g i n ,  p. 95)  

Thuo ,  t h e  annual s t r a i g h t - l i n e  d e p r e c i a t i o n  r a t e ,  d l ,  through t h e  period 18>0- 

70 was 0.1. There i s  no evidence t h a t  machines were abandoned before  t h e  end 

of  t h e i r  phys ica l  l i v e s ,  at l e a s t  not  u n t i l  t h e  advent of t h e  h a r v e s t e r  i n  t h e  

18708. Thus t h e  economic r a t e  of  dep rec i a t ion  o r  obsolescence,  dp, was no 

g r e a t e r  t han  t h e  phys i ca l  r a t e .  

An a p p r o p r i a t e  r a t e  o f  i n t e r e s t  t o  u se  would be t h e  charges made by 

t h e  reaper  companies f o r  c r e d i t .  hben i f  t h e  farmer could earn  a h igher  r e t u r n  

elsewhere,  t h i s  r e p r e s e n t s  t h e  fa rmers '  oppor tuni ty  cos t  s i n c e  he could buy 

t h e  r eape r  on c r e d i t  and then inves t  t h e  f r eed  c a p i t a l  i n  t h e  more l u c r a t i v e  

avenue. Unfortunately,  however, we have no d a t a  on what t h i s  r a t e  was i n  

Canada. McCormick charged 6'6 through t h e  1850s ( ~ u t c h i n s o n ,  Vol 1 ,  pp. 337, 



36')) and t h i s  i n  t h e  r a t e  used by David i n  h i s  American s tudy.  To u s e  t h i s  

rait: f o r  Oniarlo i6:,0-.[0 b e p  many q u e s t i o n s  about t h e  g e n e r a l  t r e n d  o f  

i n t e r c s t  r a t e s  i n  Canada. The i n t e r e o t  r a t e  on government bonds was j.4$ i n  

1068 ( ~ n n i s  and Lower, p. 809) ,  but t h i s  may have been a peak,  s i n c e  it 

d e c l i n e d  t o  j.8$ by 1885. A s  a f i r s t  approximat ion t h e n  we u s e  r = 0.06. 

T h i s  r a t e  may be t o o  h i g h ,  but we defend i ts  u s e  on t h e  c rounds  t h a t  changes  

i n  r wi 11 not  a f f e c t  o u r  c o n c l u s i o n s  v e r y  r a d i c a l l y  ( c f .  ch. 6.2).  

3. The wage r a t e  

There  a r e  t h r e e  problems i n  t r y i n g  t o  o b t a i n  t h e  money c o s t  t o  t h e  

f a r m e r  of' a man-day o f  h a r v e s t  labour:-  

1. farm l a b o u r  was o f t e n  p a i d  on a monthly b a s i s ,  w i t h  o r  wi thou t  

board ,  which reduced t h e  d a i l y  c o s t  t o  t h e  f a r m e r  i f  t h e  l a b o u r e r  

worked f o r  t h e  whole month. S i n c e  t h e  h a r v e s t  season o n l y  l a s t e d  

t o n  d a y s ,  however, e x t r a  l a b o u r  would be h i r e d  t h e n  at a d a i l y  wap  

rate.  Presumably t h e  r e d u c t i o n  i n  man-days used f o l l o w i n g  t h e  

i n t r o d u c t i o n  o f  a r e a p e r  was p r i m a r l y  at  t h e  expense o f  t h i s  d a i l y  

l abour .  

2. s k i l l  d i f f e r e n t i a l s  e x i s t e d  between a g r i c u l t u r a l  workers  and 

e x p e r t  c r a d l e r s  would e a r n  more t h a n ,  say ,  b i n d e r s .  

3. a t ~ i c u l t u r a l  l a b o u r  i s  seasona l .  Thus summer wage r a t e s  a r e  

c o n s i d e r a b l y  h i g h e r  t h a n  w i n t e r  ones.  

Thus, we r e q u i r e  d a t a  on t h e  d a i l y  c o s t  o f  an  exper t  c r a d l e r  a t  h a r v e s t  t ime, 

and must beware o f  d a t a  r e l a t i n g  t o  a v e r a g e  farm wages s i n c e  such d a t a  w i l l  

p rov ide  a n  underes t imate .  

A g r i c u l t u r a l  wage r a t e s  a r e  quoted i n  many of  t h e  county r e p o r t s  i n  

t h e  a p p e n d i c e s  t o  t h e  a n n u a l  r e p o r t s  o f  t h e  O n t a r i o  Commissioner o f  A g r i c u l t u r e  



o f  t h e  e a r l y  1870s. ( i n  Ontar io  SessionFjl papers ) .  Here t h e r e  is a g r e a t  d e a l  

o f  un i formi ty  i n  summer d a i l y  waTe r a t e s ,  which a r e  quoted a t  $1.50 except i n  

some c o u n t i e s  i n  t h e  extreme e a s t  (no tab ly  Glengarry where t h e  quoted r a t e s  

a r e  $1-1.25). I n  1867 t h e  Immigration Agent at Kingston repor ted  farm l abour  

s c a r c e  even at $1.25-1.50 a  day  enis is on, p. 59). These sources  suggest  t h a t  

i n  1870 fa rmers  h i r i n g  c r a d l e r s  by t h e  day would have t o  pay a r a t e  of  around 

$1.50. 

A s  we go back in t ime d a t a  becomes l e s s  p l e n t i f u l .  Fo r  1860, we w i l l  

u s e  an 1859 obse rva t ion  t h a t  "expert c r a d l e r s  were p l e n t i f u l  at $1.25 a day" 

(quoted i n  Denison, p. 59). Th i s  accords with t h e  genera l  impression t h a t  t h e  

1860s were a per iod  of  r i s i n g  wages i n  a g r i c u l t u r e  ( c f .  ch. 1 ,  pp. 8-10). 

Jones ,  i n  summarizing t h e  s c a t t e r e d  r e f e r e n c e s  t o  wages i n  t h e  mid 

century ,  concludes t h a t  from t h e  1820s u n t i l  t h e  l a t e  1850s " t h e  worker by t h e  

day r ece ived  from 50 c e n t s  t o  $1.00, o r  $1.25 i f  he was an exper t  c r ad le r "  

de ones, p. 55 n.). It i s  u n l i k e l y  t h a t  t h i s  s p e c i f i c  r a t e  would apply t o  every 

y e a r ,  but  i n  view of t h e  p ioneer  na tu re  o f  Ontar io  a g r i c u l t u r e  t o  1850 t h e  

concept o f  a r eg iona l  l abour  market i s  much more hazy than  i n  1860 o r  1670 and 

it would be u n r e a l i s t i c  t o  expect a s tandard p r o v i n c i a l  wage r a t e  anyway. 

4. T o t a l  acreaEe,  number of farms and farm s i z e  d i s t r i b u t i o n  

The above d a t a  on labour  saving,  r eape r  c o s t s  and wage r a t e s  permit 

c a l c u l a t i o n  of  t h e  t h r e s h o l d  s i z e  f o r  each year .  I n  t h i s  s e c t i o n  d a t a  a r e  

presented  on t h e  d i s t r i b u t i o n  of small g r a i n  acreage  pe r  farm. Good e s t i m a t e s  

o f  average small  g r a i n  acreage  a r e  ava i l ab l e .  The major problem l i e s  i n  f ind-  

i n g  t h e  d i s t r i b u t i o n s  around t h e s e  means. Since a major innovat ive  f e a t u r e  

o f  t h e  present  s tudy  i s  comparison of S wi th  t h e  whole d i s t r i b u t i o n  r a t h e r  T 

t han  ju s t  wi th  t h e  mean, t h i s  i s  c l e a r l y  an  important i s sue .  



T h a  decennlnl c e n w s e a  provlde d a t a  on t h e  t o t a l  a r e a  In  farms, 

i.7ijirijjh.J i ,ud  under crops a n d ,  f o r  1850 and 1860, acreage sown o f  i nd iv idua l  

cropg. 'I'hcne f i g u r e s  a r e  given i n  Table VII, where t h e  bottom l i n e  g i v e s  

t o t a l  acreace  under t h e  p r inc ipa l  small g r a i n s  ( 5  A) .  For 1870, A was est imated 

on t h c  a ~ s u m p t i o n  t h a t  small g r a i n  acreage  represented  t h e  same propor t ion  o f  

improved land under c rops  as it had done i n  1860. 

T n b l ~  VII. Area i n  farms and t o t a l  acreage  under small g r a i n s ,  Ontar io  1850-70 

, . 
 source^: Censuses: 1851-2, vol.  2 ,  p. 60-2; 

1860-1, Vol. 2 ,  p. 90-2; 
1870-1, Vol. 3,  p. 49 

1850 1860 1870 

From t h e  same sources  we f i n d  t h a t  t h e  t o t a l  number o f  occupied 

farms i n  Ontar io  was 99,906 i n  1851, 131,983 i n  1861 and 172,258 i n  1871. I n  

t h e  1it:ht o f  an e a r l i e r  statement ( i n  ch. 2.3) it i s  i n t e r e s t i n g  t o  note  t h a t  

16,161,676 
6,537,438 

the  1871 f i l p r e  i s  d i s a g ~ r e g a t e d  accord ing  t o  t e n u r e  and only  27,340 of  t h e s e  

13,354,907 
4,101,902 

1 ,386,366 
678,337 
118,910 

70,376 

2,253,989 

To ta l  a r e a  i n  farms 
Improved land under c rops  

1 wheat 

:::yey 
rye  

zw - ( 4 )  

 farm^ were tenant-operated. These f i g u r e s  provide upper bounds f o r  t h e  number 

9,825,915 
2,282,928 

798,275 
41 3,058 

30,123 
49,066 

1 ,290,528 

o f  farms crowing small g r a i n s  ( N ) ,  and under t h e  assumption t h a t  a l l  farms 

grew some small g r a i n s  t hey  a r e  approximate measures o f  N. Under t h i s  assump- 

t ion averace small g r a i n  acreage per  farm, A N = 4, is e a s i l y  ca l cu la t ed  . 
For t h e  t h r e e  y e a r s  1850, 1860 and 1870, is equal  t o  12.92 a c r e s ,  17.08 

X 

a c r e s  and 20.85 a c r e s  r e spec t ive ly .  



No tiatan ex ir , l  on t h e  d i s t r i b u t i o n  o f  small q n l n  a c r e a g e  p e r  farm,  

f ( x ) ,  rill i [ i i 1  ct:nniine:; tio, however, provide , ~ o u p c ~ t d  tla1.a on t o t a l  a c r e a g e  p e r  farm 

( ~ a b l c  VTII (a) ). I n  o r d e r  t o  conver t  t h i s  t o  a d i s t r i b u t i o n  o f  small  rain 

acreace t h n  s i m p l e s t  assumpt ion w a s  made, i . e .  a l l  farms were assumed t o  del,.ii- e 

t h e  name p r o p o r t i o n  o f  t h e i r  t o t a l  a c r e a g e  t o  c u l t i v a t i o n  o f  small g r a i n s .  

For each  y e a r  A d i s c r e t e  form o f  f ( x )  was o b t a i n e d  by m u l t i p l y i n g  t h e  class 

N limits o f  Tab lo  VIII ( a )  by 7~ w h e r e b  i s  t o t a l  a r e a  i n  farms d i v i d e d  
Y '  Y 

by N.' The e s t i m a t e s  a r e  g iven  i n  Tab le  VIII ( b ) .  

Ttiblo VIII. Farm s i z e  d i s t r i b u t i o n s  f o r  O n t a r i o  1850-70. 

( a )  T o t a l  a c r e a g e  

Nurnber o f  farms o f  1 0  a c r e s  and under  
Number o f  f a rms  o f  10-30 a c r e s  
Number o f  f a rms  o f  20-50 a c r e s  
Number o f  f a rms  o f  5Q-100 acres 
Number o f  farms o f  100-200 a c r e s  
Number o f  fa rms  above 200 acres 

T o t a l  number o f  farm8 ( N )  

( b )  Small e r n l n  acrea(;e 

Censuses  as i n  T a b l e  V I I ;  
'Ources: See t e x t .  

1 .3l-1.61 a c r e n  
2.63-6.57 " 
6.57-1 3.14 " 

13.14-36.27 " 

26.27 tv 

2 
The m u l t i p l i e r s  a r e  ( i )  f o r  1850 12.92 98.35 = 0.1 31 (11) f o r  1860 

1850 

17.08 2 101 . I 9  = 0.169, and ( i i i)  f o r  1870 20.85 : 93.82 = 0.222. . 

Smnl l ;:ra i n 
nc r e q y  

1.31 r rcres  

7,671 
19 ,143  
47,427 
?7,',1'j 

3,404 

Number 
o f  f a r m s  

9 ,  '746 

1860 
Small g r a i n  

a c r e a g e  

1.69 a c r e s  

1 870 

1.69-3.38 a c r e s  
3.38-8.44 " 
8.44-16.88 " 

16.88-33.76 " 
33-76 11 

Number 
o f  farms 

4,424 

Small g r a i n  
a c r e a c e  

2.22 a c r e s  

5 

Number 
o f  farm. 

191714 

2,675 
26,630 
64,891 
28,336 

5,027 

2.22-4.45 a c r e s  
4.45-11.12 (I  

11.12-22.23 I' 

22.23-44.46 " 

, 44.46 11 

j j8,882 
71,884 
11,384 
7,574 



The f i r e t  ~ t a t e m e n t  o f  t h e  z t o c k  o f  r e a p e r s  i n  Canada i s  i n  t h e  1 H 7 ( b l  

Cenous ( ~ o l .  111, p. 110-3). T h i s  g i v e s  t h e  t o t a l  number o f  r e a p e r s  and mower:- 

i n  O n t a r i o  n s  36,874; i n  Quebec,  5 ,149;  i n  New Brunswick,  869; and i n  Nova 

Scot in ,  1,312.  Thus t h e  Canadian t o t a l  w a s  44,204. S i n c e  t h e s e  f i g u r e s  in- 

cludc, mowers, t h e y  r e p r e s e n t  maximum v a l u e s  f o r  t h e  number o f  r e a p e r s  ( R ) ,  but  

t h e  p ravn lcnce  o f  combined reaper/mowers by t h i s  t i m e  i m p l i e s  t h a t  R would not  

have been much lower  t h a n  t h e  f i p r e s  quoted.  

Annual investment  i n  a g r i c u l t u r a l  implements r o s e  by 55@ i n  t h e  

18601 ( c h .  1 ,  p .2 ) .  I n  view o f  t h e  c o n t i n u a l  growth o f  t h i s  investment  1850-'70, 

t h e  1R70 - ~ t o c k  o f  implements w i l l  be a n  even g r e a t e r  m u l t i o l e  of  t h e  1860 s tock .  

T h u s  i n  1860 we would expec t  t h e r e  t o  have been l e s s  t h a n  5 ,000  r e a p e r s  i n  

O n t a r i o .  No domes t ic  o u t p u t  d a t a  a r e  a v a i l a b l e  f o r  1850, but t h e  number o f  

r e a p e r g  produced cou ld  no t  have been more t h a n  a handfu l .  Some American 

machines were impor ted ,  bu t  t h e i r  numbers cannot  have been p e a t  i n  view o f  

t h e  e l u g c i  ah reeponse  o f  p o t e n t i a l  Canadian manufac tu re r s .  Thus t h e  number o f  

r e a p e r s  i n  O n t a r i o  i n  1850 must have been small. 

6, Overview o f  t h e  d a t a  

The d a t a  t o  be used  i n  e s t i r n a t i n c  r e a p e r  a d o p t l o n  a r e  c o l l e c t e d  i n  

T a b l e  IX. S o u r c e s  o f  t h e s e  d a t a  were d i s c u s s e d  above,  but mention may be made 

h e r e  o f  the major  weaknesses  o f  t h e  d a t a .  The f i g u r e s  f o r  t h e  purchase  p r i c e  

o f  a r e a p e r  and f o r  c r a d l e r s '  wages a r e  markedly worse f o r  1850 t h a n  f o r  1860 

and 1870, but it must be remembered t h a t  t h e  1860s  a r e  t h e  p e r i o d  o f  pr imary 

i n t e r e s t .  A more impor tan t  problem is  t h e  c h o i c e  o f  a s u i t a b l e  r a t e  o f  

i n t e r e s t ,  t o  which no s a t i s f a c t o r y  s o l u t i o n  was found because  o f  t h e  s c a r c i t y  



o f '  dnlo or, C~inn t f l a r l  l n t c r e s t  r a t e s .  If t h e  s e l e c t e d  r a t e  o f  6% 1s t o o  h i ~ h ,  

nornc* i ( 1 ~ ; i  01 '  t h e  p o n ~ ~ h l  e e x t e n t  o f  b i a s  1s g iven  by t h e  f a c t  t h a t  i f  t h e  r a t e  

wero 4% t tlcn S,, would be 40.32 ~n 1850 and 31.2 i n  1870 ( i .e .  would be 
I 1  

reduced by 7/.,/ '$ i n  each c a s e ) .  Thus o u r  e s t i m a t e d  number o f  r e a p e r s  may be 

t o o  low i n  a l l  y e a r s .  More impor tan t  i n  e x p l a i n i n g  t h e  r a t e  o f  d i f f u s i o n  i s  

t h a t  we d o n ' t  know i f ,  and i n  what d i r e c t i o n ,  t h e  r e l e v a n t  r a t e  o f  i n t e r e s t  

chanryed i n  t h i s  pe r iod .  

The c e n m s  d a t a  on a c r e a c e  a r e  as good as might be expec ted  o f  any  

h i n t o r i c ~ l  d a t a .  The major  weakness f o r  o u r  purposes  is  t h e  need t o  assume 

t h a t  small trains a c r e a g e  w a s  d i s t r i b u t e d  i n  t h e  same way as t o t a l  a c r e a g e .  

We w i l l  r e t u r n  t o  t h i s  problem i n  t h e  next  c h a p t e r .  
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Tnblc  I X .  Summary of '  d a t a  f o r  O n t a r i o  1850-70 

Sources: See t e x t .  

Notes: 
R 

= number o f  man-days o f  l abour  dispensed with by t h e  hand-rake 
1 

r eape r ,  per  a c r e  ha rves t ed ,  L = t h e  same f o r  t h e  se l f - rake  r eape r ,  
s2 

C = t h e  purchase p r i c e  o f  a r eape r ,  d ,  = t h e  technological r a t e  of  
d e p r e c i a t i o n  = t h e  r e c i p r o c a l  o f  t h e  l l f e  o f  a r eape r ,  r = t h e  r a t e  
of  i n t e r e s t ,  c  = t h e  annual money cos t  o f  a r eape r  t o  t h e  farmer,  
w = t h e  wage r a t e ,  

s ~ l  
= t h e  t h re sho ld  farm s i z e  f o r  t h e  hand-rake 

r eape r ,  S = t h e  same f o r  t h e  se l f - rake  r eape r ,  A = t o t a l  small grain 

T2 
acreage ,  N = t h e  number o f  farms , bX = average small g r a i n  acreage  per  
farm = VN 



CHAPTEH V I  

RESULTS 

Tile r e ~ u l i , ~  obtalneri i n  t h i s  chapter  f a l l  i n t o  two ca t egor i e s .  

F i r o t l y ,  t h e r e  a r e  t h e  e ~ t i m a t e s  o f  t h e  number o f  r eape r s  i n  1850, 1860 and 

1870. These a r e ,  in p r i n c i p l e ,  t e s t a b l e  aga ins t  t h e  a c t u a l  numbers i n  t h e s e  

years .  Secondly, t h e r e  a r e  t h e  coun te r f ac tua l  e s t ima te s  which g ive  i n s i g h t  

i n t o  t h e  r e l a t i v e  importance of t h e  d i f f e r e n t  causa l  f a c t o r s .  A s  a pre l imi-  

nary t o  o b t a i n i n g  t h e s e  r e s u l t s  it is necessary t o  spec i fy  a cont inuous farm 

s i z e  d i s t r i b u t i o n .  Once t h e  e s t ima te s  have been der ived ,  we w i l l  compare o u r  

r e s u l t s  wi th  t h o s e  o f  David. 

1. F i t t   in^ a cont inuous func t ion  

We a r e  a l r e a d y  i n  a p o s i t  ion  t o  o b t a i n  an  i d e a  o f  t h e  o r d e r  of  
it 

magnitude o f  t h e  p red ic t ed  number o f  r eape r s ,  Rt . These pre l iminary  f i g u r e s  

i l l u s t r a t e  why a cont inuous form o f  f ( x )  i s  required.  Applying t h e  va lues  

o f  Sfp c a l c u l a t e d  i n  chap te r  5  a able I X )  t o  t h e  small g r a i n  acreage  d i s t r i -  

* 
but ion  o f  Table V I I I ( ~ )  g i v e s  va lues  f o r  Rt o f .  l e s s  t han  3,404 f o r  1850, 

l e s s  t han  5,027 f o r  1860, and between 7,574 and 41,558 f o r  1870. A l l  o f  t h e s e  

va lues  a r e  c o n s i s t e n t  w i th  t h e  a c t u a l  number of  r eape r s ,  but t h e  c l a s s  d i v i -  

s i o n s  a r e  so broad t h a t  t h e  e s t i m a t e s  a r e  o f  l i t t l e  value. A continuous farm 

s i z e  d i s t r i b u t i o n  would permit i n t e g r a t i o n  of t h e  func t ion  ove r  t h e  range 

* 
ST t o  00 and would provide single-valued e s t ima te s  o f  R r a t h e r  t han  range 

t 

en t ima te s  ( c f .  chap te r  2) .  Thus we w i l l  a t tempt  t o  f i t  a cont inuous func t ion  

t o  t h e  grouped d a t a  o f  Table V I I I ( ~ ) .  

A major problem i n  t h e  curve f i t t i n g  is t h e  s e l e c t i o n  o f  c r i t e r i a  

f o r  judging goodness o f  f i t .  The small number of  groups f o r  each y e a r  g ive  

5 t o o  few degrees  of  freedom 

t o  be o f  a s s i s t a n c e .  Thus 

f o r  s tandard  s t a t i s t i c a l  t e s t s ,  e.g. c h i  square,  

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



frequency t'unct ions  and seeking  a s t a t i s t i c a l l y  s i g n i f i c a n t  f i t  we adopt a 

morc uti tioc two-stage procedure. F i r s t  a s tatement  is made o f  t h e  genera l  

forms we might expect t h e  farm s i z e  d i s t r i b u t i o n  t o  have on a p s i o r i  grounds. 

Having done t h i s  we w i l l   elect t h e  p a r t i c u l a r  members o f  t h e s e  f a m i l i e s  o f  

d i s t r i b u t i o n s  which bes t  approximate t h e  small g r a i n  acreage  d i s t r i b u t i o n s  

i n  Table V I I I ( ~ )  f o r  each year .  

I t  is c l e a r  from Table V I I I  t h a t  we a r e  d e a l i n g  w i t h  a skewed 

frequency funct ion.  The most commonly used skewed func t ions  w i t h  r e spec t  t o  

1 
economic v a r i a b l e s  have been lognormal and Pa re to  d i s t r i b u t i o n s .  Explana- 

t i o n  of  t h e  genera t ion  o f  such func t iona l  forms has presented  a major d i f f i -  

cu l ty .  The b a s i s  f o r  most gene ra t ion  models has  been t h e  l a w  o f  p ropor t iona te  

e f f e c t  ( G i b r a t ' s  ~aw):- 

A v a r i a t e  sub jec t  t o  a process  o f  change i s  s a i d  t o  obey t h e  
l a w  o f  p ropor t iona te  e f f e c t  i f  t h e  change i n  t h e  v a r i a t e  at 
any s t e p  i n  t h e  process  i s  a random propor t ion  o f  t h e  previous  
v a l u e  o f  t h e  v a n a t e ,  

thue t -  

where e i s  a random term, i .e.  t h e  s e t  [e . ]  i s  mutual ly independent and 
j J 

independent o f  t h e  s e t  [X .I. Thi s  l e a d s  t o  a logmormal d i s t r i b u t i o n .  The 
J 

problem wi th  t h i s  gene ra t ion  theory  i s  t h a t  t h e  longe r  t h e  l a w  o f  p ropor t iona te  

e f f e c t  works f o r ,  t h e  g r e a t e r  t h e  s tandard  d e v i a t i o n  becomes; a phenomenon 

1 
Oeneral surveys of  t h e s e  approaches a r e  A i t ch i son  & Brown and Mandelbrot. 
For a n  a p p l i c a t i o n  o f  t h e  lognormal t o  t h e  d i s t r i b u t i o n  o f  f i r m s  s e e  Hart & 
P r a i s  and t h e  comments on t h e i r  paper ( ~ o u r n a l  o f  t h e  Royal S t a t i s t i c a l  
Soc ie ty  1956, p. 181-90). Quandt es t imated  lognormal and Pare to  d i s t r i b u -  
t i o n s  f o r  30 U.S. i n d u s t r i e s  and found t h e  former gene ra l ly  provided a super- 
i o r  f i t  o f  t h e  a c t u a l  f i rm s i z e  d i s t r i b u t i o n .  Recent a p p l i c a t i o n s  o f  both 
d i s t r i b u t i o n s  t o  income d a t a  a r e  Schul tz  and Metcalf. The lognormal appea r s  
i n  an  agricultural context  i n  G. Wright ' s  s tudy  o f  weal th,  farm va lue  and 
improved acreage  i n  t h e  an tebe l l ium American South. 



not commonly observed. For  example, i f  t h e  d i s t r i b u t i o n  o f  incomes is a 

ccrlc:e:iv~ Ul:iLLe ,.- - c f  ;tit3 woricing o f  t n e  i a w  o f  propor t iona te  e f f e c t ,  then  income 

i n e q u a l i t y  ( a o  measured by, f o r  example, Gini  o r  Lorenz c o e f f i c i e n t s )  should 

be i n c r e a s i n g  over  time. Modif ica t ions  have been made t o  t h e  crude propor- 

t i o n a t e  e f f e c t  t heo ry  l e a d i n g  t o  t h e  genes i s  o f  a Pareto d i s t r i b u t i o n  

(~hampernowne) o r  a lognormal d i s t r i b u t i o n  wi th  constant  s tandard  d e v i a t i o n  

L 
(Kalecki ) .  These modi f ica t ions  have, however, an ad hoc a i r  about them , 

and t h e  l a c k  o f  a s a t i e f a c t o r y  genera t ion  theory  i s  a d e t e r r e n t  t o  t h e  use  

o f  t h e  lognormal and Pare to  d i s t r i b u t i o n s .  On t h e  o t h e r  hand, no a l t e r n a t i v e  

skewud func t ion  possesses  a gene ra t ion  theory  s u i t a b l e  t o  t h e  Ontar io farm 

s i z e  d i s t r i b u t i o n .  

The common use  of  Pare to  and lognormal d i s t r i b u t i o n s  t o  d e s c r i b e  

economic v a r i a b l e s ,  d e s p i t e  t h e  l a c k  o f  a sat i s f a c t o r y  generat  ion  theo ry ,  i s  

expla ined  by t h r e e  compensating  advantage^ which a r e  gene ra l ly  possessed by 

t h e s e  d i s t r i b u t i o n s .  The f i r s t  advantage is t h e  ease  wi th  which they  can be 

handled i n  s t a t i s t i c a l  a n a l y s i s .  The second is t h a t  economic s ign i f i cance  

can be a t t ached  t o  t h e  parameters  o f  t h e s e  d i s t r i b u t i o n s .  F i n a l l y ,  they  have 

given good approximations t o  t h e  d a t a  i n  a l a r g e  number o f  cases ,  e.g. t h e  

d i e t r i b u t  ion  o f  i n h e r i t a n c e s ,  incomes, bank d e p o s i t s ,  f i rms ,  i n d u s t r i a l  

p r o f i t s ,  c i t y  s i z e .  Although no l o g i c a l  argument can be given f o r  why Ontar io  

farm s i z e s  should have followed a Pare to  o r  lognormal d i s t r i b u t i o n ,  t h e  

genera l  and accepted use  o f  t h e s e  f u n c t i o n s  w i t h  respec t  t o  economic phenomena 

sugges ts  t h a t  t hey  a r e  t h e  most r e l evan t .  Even though we do not know t h e  

gene ra t ion  process  under ly ing  t h e  d i s t r i b u t i o n s  of  income, f i rms  and farm 

s i z e s ,  i t  seems p l a u s i b l e  t h a t ,  i f  t h e  same func t iona l  form is generated f o r  

t 2 ~ o r  c r i t  ic isma o f  Champernownet s model s e e  Quandt p. 41 8-9. 



the f i r n t  two ,  it m ~ ~ h t  a l e 0  be generated f o r  the  l a t t e r ,  a l though t h e  s o l e  

at 'iempi t o  t e s t  t h i s  h y p o t h e ~ i a  a c a i n s t  h i s t o r i c a l  d a t a  was inconclus ive  

(c. Wri,;ht ). 

Unlike t h e  normal d i s t r i b u t i o n ,  t h e  shape o f  a lognormal d i s t r i b u -  

t i o n  depends upon t h e  o r i g i n  as we l l  a s  t h e  mean and s tandard dev ia t ion  and 

t h e  e x p l i c i t  assumption of t h e  two-paramet e r  lognormal t h a t  t h e  o r i g i n  is 

ze ro  is  not a p p r o p r i a t e  t o  t h e  present  study. The problem is t h a t  t h e  bottom 

group i n  t h e  census d a t a  on landhold ings ,  i . e .  1 0  a c r e s  o r  l e s s ,  con ta ins  

many t o w n ~ h i p  l o t s  which a r e  not r e l evan t  t o  a s tudy of  farm s i zes .  Thus t h e  

lower bound of t h e  d i s t r i b u t i o n ,  d , is  s e t  a t  t h e  upper l i m i t  o f  t h e  bottom 

groups o f  Table VIII ( b ) ;  i .e.  f o r  1850 b =  1.31, f o r  1860 6 =  1.69 and f o r  

1870 6 = 2.2. Even i f  t h i s  excludes some farms from t h e  a n a l y s i s ,  t h e s e  w i l l  

be small farms o u t s i d e  t h e  commercial s ec to r .  

The f i r s t  func t iona l  form t o  be considered i s  then  where l o g  (x- 6 1 

is normally d i s t r i b u t e d  w i t h  rneanp and s tandard  dev ia t ion  a. Since t h e  

/u 
median o f  (x- 6 ) is equal  t o  e  , e s t i m a t e s  of  )A could be made from t h e  small 

g r a i n s  acreage  d i s t r i b u t i o n s  i n  Table V I I I  ( b ) ;  f o r  1850 p = 2.1, f o r  1860 

p = 2.4 and f o r  1870 p = 2.7. A s tandard  d e v i a t i o n  o f  0.6 was used f o r  each 

y e a r  ~ i n c e  t h i s  gave t h e  bes t  approximation t o  t h e  d a t a  of  Table VIII (b).-) 

A comparison o f  some cumulative f r equenc ie s  generated by t h e  lognormal func- 

t ion and t he  d a t a  o f  Table V I I I  ( b )  is o v e n  i n  Table x . ~  I f  t h e  small g r a i n s  

acreage  d i s t r i b u t i o n s  g iven  i n  Table VIII approximate t h e  a c t u a l  d i s t r i b u t i o n s ,  

then  t h e  f i t t e d  func t ion  has  a r e g u l a r  b i a s ,  i .e.  t h e  propor t ion  o f  farms i n  

J A t e ~ t  o f  t h e  s e n s i t i v i t y  o f  t h e  r e s u l t s  t o  t h i s  assumption i s  made below 
(ch. 6.4). 

4 ~ n d e r  a c h i  square t e s t  genera ted  f r equenc ie s  would be found t o  be s i g n i f i -  
c a n t l y  d i f f e r e n t  from t h e  a c t u a l  f requencies .  There is,  however, some doubt 
as t o  whether such a t e s t  is r e l evan t .  Since t h e  genera t ion  of  t h e  d i s t r i -  
bu t ion  i s  a s t o c h a s t i c  process ,  o u r  hypothes is  is not t h a t  small g r a i n  



Tab1  c X. Cornp;trisor~ o f  c u m u l ~ t  l v e  f r e q u e n c i e s  o f  small  m a i n  a c r e a g e  
oht: i ined f'rorn (a )  t h e  small g r a ~ n  a ~ r p a p  dlstributlons o f  T ~ i b l i  
V l l  I nncl ( b )  t h e  p o s t u l a t e d  lornormal  frequency f u n c t  Ions .  

( i i i )  1870 

( i i )  1860 

Notes  and aources :  The f i r s t  column, headed x ,  i s  small g r a i n  a c r e a g e  p e r  
farm, ~ ( x )  is t h e  cumu~atlve f requency f u n c i i o n ,  1.e. t h e  propor- 
t i o n  o f  fa rms  w i t h  small p a i n  a c r e a g e  l e s s  t h a n  x. Thus t h e  co l -  
umns headed I - ~ ( x )  r e p r e s e n t  t h e  p r o p o r t i o n  o f  fa rms  w i t h  small p d i n  
a c r e a g e  g r e a t e r  t h a n  x. Column (a )  i s  der ived  d i r e c t l y  from T a b l e  
VIII, e.g. t h e  bottom f i g u r e  f o r  1850 (3.78$) is e q u a l  t o  t h e  number 
o f  farms w i t h  small g r a i n  a c r e a g e  g r e a t e r  t h a n  26.27 a c r e s  (3 ,404)  
d i v l d e d  by t h e  t o t a l  number 5f farms w i t h  small g r a i n  a c r e a g e  g r e a t -  
e r  t h a n  1.31 a c r e s  (90,160). Column ( b )  a r e  e s t i m a t e s  o f  I - ~ ( x )  
d e r i v e d  from t h e  lognormal d i s t r i b u t i o n s  s p e c i f i e d  i n  t h e  t e x t ,  
i .e .  f o r  1850  5 -  1.31, p =  2.1, 6 =0.6, f o r  1860 6 = 1.69, 
A = 2.4, a = 0.6 and f o r  1870 6 = 2.22, p =  2.7, a = 0.6. 

x 

a c r e a g e  was lognormal ly  d i s t r i b u t e d ,  but t h a t  it approximated a lognormal d i  s- 
t r i b u t i o n .  The n u l l  h y p o t h e s i s  o f  t h e  c h i  s q u a r e  t e s t  is t h a t  t h e  a c t u a l  d i s -  
t r i b u t i o n  was p r e c i s e l y  lognormal ,  but on a p r i o r i  grounds a l o n e  we do n o t  

I -F(x) 

expec t  th i f i  n u l l  h y p o t h e e i s  t o  be accep ted .  I f  g e n e r a l ,  we know f o r  any d i s t r l -  
b u t i o n  g e n e r a t e d  by a s t o c h a s t i c  p r o c e s s  t h a t  t h e  n u l l  h y ~ o t h e s i s  o f  a c h i  

I 

" - 
s q u a r e  t e n t  is i n a p p r o p r i a t e  ( c f .  A. S t u a r t ' s  comment i n  t h e  J o u r n a l  o f  t h e  
Royal Statistical Society 1956, p. 185). 

r, 
J The purpose  o f  t h e  e x c l u s i o n  o f  t h e  s m a l l e s t  group o f  farms i s  t o  keep t h e  

" d i r e c t "  e s t i m a t e s  comparable w i t h  t h e  lognormal es t imates .  



t h e  c e n t r a l  region of  t h e  d i s t r i b u t i o n  i s  overs ta ted .  Th i s  i s  important be- 

cause it i s  t h e  a r e a  i n  t h e  upper t a i l  (above S ) which p r e d i c t s  t h e  number 
T 

46 
o f  reapers .  Thus any e s t  imates of  t h e  number of  r eape r s ,  Rt der ived  from 

t h e  lognormal funct ions  w i l l  be biassed downwards. 

The a l t e r n a t i v e  funct ional  form se lec ted  on a  p r i o r i  grounds is t h e  

Pare to  d i s t r i b u t i o n .  This  has a  reputa t ion  from income d i s t r i b u t i o n  s t u d i e s  

o f  f i t t i n g  t h e  upper ta i l  o f  these  d i s t r i b u t i o n s  b e t t e r  t h a n  t h e  lognormal 

and t h u s  appears  at f i r s t  s igh t  t h e  more s u i t a b l e  choice f o r  t h e  present  study. 

The Pare to  funct ion  used here i s  defined by two parameters: minimum farm 

s i z e ,  x  and . Thus:- 
0 ' 

and t h e  a r i t h m e t i c  mean is:- 

( ~ l e i n  p. 150-4). For a l t e r n a t i v e  values o f  x t h e  value o f  u could be cal-  
0 

cu la t ed  from our p r i o r  knowledge of  t h e  mean  a able IX). The bes t  f i t s  were 

obta ined  when x was s e t  equal t o  t h e  upper bound o f  t h e  t h i r d  group o f  Table 
0 

V I I I  ( b ) ,  i.e. x  was 6.57 i n  1850, 8.44 i n  1860 and 11.12 i n  1870. The 
0 

value o f  O( rose  through t h e  period,  r e f l e c t i n g  increased  mean acreage. 
6 

The cumulative f requencies  generated by t h e  Pare to  func t ions  under s t a t e  t h e  . 

propor t ion  o f  farms i n  t h e  c e n t r a l  regions,  i .e.  t h e i r  b i a s  is t h e  exact  oppo- 

s i t e  o f  t h a t  of  t h e  lognormal funct ions,  and, more important ,  they  were f u r t h e r  

away from t h e  a c t u a l  d i s t r i b u t i o n s .  7 

 his can a l s o  be i n t e r p r e t e d  a s  a  measure of  increased  concent ra t ion  ( c f .  

'I 

pe  23n). 

'A t a b l e  analagous t o  Table X can be constructed f o r  t h e  b e s t - f i t t i n g  Pare to  
d i s t r i b u t i o n s ,  i . e .  f o r  1850 xo = 6.57, a = 1.596, f o r  1860 xo = 8.44, 
ot = 1.66, and f o r  1870 xo = 11.12,a = 1.645. 

1850 
f 

1860 1870 
I 



Since n e i t h e r  o f  t h e  two func t iona l  forms g ives  bias-free r e s u l t s ,  
8 

t h u  LoRnormal i o  used on t h e  grounds o f  p rovid ing  t h e  b e t t e r  f i t  t o  t h e  d a t a  

o f  T a b l e  VIII (b) .  It can be seen, however, t h a t  t h i s  goodness o f  f i t ,  as 

i l l u s t r a t e d  i n  Table X ,  would not be found s i g n i f i c a n t  under a chi  square 

t e s t .  The e s t ima te s  i n  t h e  next s e c t i o n  must be i n t e r p r e t e d  i n  t h i s  l i g h t .  

He do not have an a c c u r a t e  r ep re sen ta t  ion  of t h e  farm s i z e  d i s t r i b u t i o n .  Ue 

have in s t ead  assumed t h a t  small g r a i n  acreage  approximated a lognormal d is -  

t r i b u t i o n  and t h a t ,  if t h i s  is  t h e  case ,  t h e  parameters i n  1851, 1861 and 

1871 were c l o s e  t o  t h o s e  given above. Th i s  p u t s  i n t o  context  t h e  assumption 

made i n  t h e  last chap te r  t h a t  small g r a i n  acreage was d i s t r i b u t e d  i n  t h e  same 

way a u  t o t a l  farm acreage. The assumed d i s t r i b u t i o n  is used t o  de r ive  rea- 

sonable e s t i m a t e s  o f  p ,  is and 6 independently o f  our  model. It is  found 

below ( p. 79-81 ) t h a t  a l t e r n a t i v e  va lues  of and a do not s i g n i f i c a n t l y  

altar o u r  conclusions. Thus, c r i t i c i s m s  of t h i s  assumption a r e  not destruc-  

t ive  t o  o u r  r e s u l t  s; t h e  r e a l  q u e s t i o n  i s  whether small g r a i n  acreage approxl- 

mated a lognormal d i s t r i b u t i o n .  

2. The e s t i m a t e s  o f  r e a p e r  adoption. 

* 
Est imates  o f  t h e  number o f  r e a p e r s  i n  each yea r ,  Rt , can now be 

made. The th reeho ld  farm s i z e s  a r e  taken  from Table I X  and t h e  number of 

farms above t h e  t h r e s h o l d  can  be c a l c u l a t e d  from t h e  r e l evan t  lognormal d is -  

t r i b u t i o n .  The problem t h e n p a r i s e s  of how t o  eva lua t e  t h e  s ign i f i cance  of 

t h e s e  es t imates .  

A s  i n  t h e  previous  s e c t i o n ,  t h e  use  of  accepted s t a t i s t i c a l  t e s t s  

i t  
%st imates  o f  Rt ob ta ined  from t h e  f i t t e d  lognormal d i s t r i b u t i o n s  w i l l  be 

b iassed  downwards, whi le  e s t i m a t e s  from t h e  f i t t e d  Pare to  d i s t r i b u t i o n s  w i l l  
have an  upward b ias .  



i u  hr~mporoti by lack  of  degrees  of  freedom. I n  t h i s  case  we have ju s t  one 

fir% f i i r~~; re ,  that o f  1870, aga ins t  which t h e  e s i ima te s  can be t e s t e d .  For  

t h e  o t h e r  two y e a r s ,  1850 and 1860, we c n l y  know t h e  range wi th in  which t h e  

a c t u a l  number f a l l s .  Furthermore, a l though at each s t e p  t h e  most p l a u s i b l e  

d a t a  was used, some poss ib l e  b i a s s e s  have a l r eady  been noted. The major 

sources  o f  b i a s  should be s t a t e d  before eva lua t ing  t h e  es t imates .  F i r s t  o f  

a l l ,  t h e  one "ac tua lw  f i g u r e  of t h e  number of r e a p e r s  which we possess ,  

36,8'/4 i n  1870, i s  i t s e l f  a n  overstatement  because it i n c l u d e s  mowers. Secondly, 

t h e  pos tu l a t ed  frequency func t ion  i s  one which unde r s t a t e s  t h e  number o f  farms 

* 
i n  t h e  upper t a i l ,  t h u s  y i e l d i n g  underes t imates  of  Rt . Thi rd ly ,  any r eape r s  

it 
shared by two o r  more sub-threshold-size farms w i l l  not be included i n  Rt . 
Four th ly ,  t h e  most obvious weakness i n  t h e  d a t a  used t o  c a l c u l a t e  ST i s  t h e  

r a t e  o f  i n t e r e s t ,  which is  probably too  high. It i s  a l s o  poss ib l e  t h a t  Ls 

should be h ighe r  t han  we a l low,  because o f  t h e  increased  output  v i a  reduced 

s h a t t e r i n g .  These last two f a c t o r s  suggest t h a t  t h e  c a l c u l a t e d  th re sho ld  

e i z e  may be t o o  high. Thus, a l l  f o u r  b i a s s e s  work i n  t h e  same d i r e c t i o n ,  i .e.  

Y 
towards i n c r e a s i n g  t h e  amount by which o u r  R 

70 
w i l l  be below t h e  census 

f i g u r e  i f  ou r  model a c c u r a t e l y  d e s c r i b e s  t h e  f a rmer ' s  d e c i s i o n  process.  The 

f i r s t  two o f  t h e s e  b i a s s e s  a r e  undoubtedly p re sen t ,  so t h a t  even i f  we have 

c a l c u l a t e d  S e x a c t l y  o u r  e s t ima te  w i l l  be below t h e  a c t u a l  number o f  r eape r s ,  
T 

which i n  t u r n  w i l l  be below t h e  census f igure .  The c a l c u l a t i o n  o f  S may * T 

be c l o a e  t o  t h e  t r u t h ,  but  it is s e n s i t i v e  even t o  small inaccu rac i e s  w i th  

respec t  t o  t h e  r a t e  o f  i n t e r e s t  and L e s p e c i a l l y  t h e  l a t t e r ;  e.g. i f  we 
sf  

were t o  assume t h a t  u s e  o f  a r eape r  d i d  save a bushel o f  wheat per  a c r e  and 

t h e  r e l evan t  r a t e  o f  i n t e r e s t  was 5% t hen  ST i s  reduced from 27.04 t o  23.55. 
2 

The conclus ion  from t h e  previous  paragraph is t h a t  it  is d i f f i c u l t  

* 
t o  conduct a comprehensive t e s t  on t h e  r e s u l t s  f o r  1870. We know t h a t  R 

7 0 



8hou ld  bct tiomewhere below 36,874 if ' our  model i s  a  co r r ec t  s p e c i f i c a t i o n  and 

+t 

our d a i t l  are a c c u r a t e ,  but we do not know how f a r  R may f a l l  below t h i s  
7 0 

fi)=ure without i n v a l i d a t i n g  o u r  approach. A more c l e a r l y  def ined  t e s t  of  

o u r  e ~ t i r n a t e s  is t h a t  t hey  should follow t h e  time pa th  ou t l i ned  i n  c h a p t e r s  

1 and 5.5 i .e. a slow inc rease  ( i n  abso lu t e  terms)  from a low base 1850-60 

followed by a r a p i d  increase 1060-70. I f  t h e  e s t i m a t e s  succeed i n  p ick lng  

t h i s  up, then  we have some support f o r  t h e  model's a p p l i c a b i l i t y  t o  t h e  pro- 

blem a t  hand. Furthermore, i f  ou r  model d i d  genera te  an  S-shaped d i f f u s i o n  

pa th ,  t h i s  would be i n  i t s e l f  an  important con t r ibu t ion  t o  t h e  d i f f u s i o n  

l i t e r a t u r e  ( c f .  p. 12) .  

The es t imated  number o f  r eape r s  is 270 i n  1850, 2,283 i n  1860 and 

30,080 i n  1870. The l a s t  e s t ima te  is 18% below t h e  census f igu re .  This  is 

a cons iderable  v a r i a t i o n  even a l lowing  f o r  t h e  expected downward b ias .  The 

e s t ima te  is ,  however, s e n s i t i v e  t o  small changes i n  some of  t h e  v a r i a b l e s ,  
46 

c . g .  the  r e c a l c u l a t e d  ST f i g u r e  of 23.55 given above would y i e l d  an  R 
2 7 0 

value g r e a t e r  t han  36,874; t h e  point  i s  t h a t  a l l  t h e  b i a s s e s  i n  our  s p e c i f i -  

c a t i o n  and d a t a  a r e  downwards, but it only r e q u i r e s  small adjustments  at 

eome of  t h e  poss ib l e  sources  o f  e r r o r  t o  o f f s e t  t h i s  b i a s  completely. 

The major triumph of  t h e  model is t h a t ,  a l though t h e  e s t i m a t e s  may 

be lowor than  t h e  a c t u a l  f i g u r e s ,  t hey  do follow t h e  S-shaped p a t t e r n  o f  

d i f f u s i o n  suggested i n  chap te r  5.5. If  we r e f e r  t o  t%e va lues  o f  and 

& i n  Table I X ,  it i s  c l e a r  t h a t  p r e d i c t i o n s  based on e i t h e r  o f  t h e s e  v a r i a b l e s  

a lone  could not have foreseen  t h e  a c t u a l  r a t e  o f  d i f f u s i o n .  Changes i n  f a c t o r  

p r i c e s  sugeest  a n  i n c r e a s i n g  cap i t a l / l abour  r a t i o  throughout t h e  per iod ,  wi th  

some quickening  i n  t h e  r a t e  o f  change i n  t h e  1860s, but no th ing  so dramatic  

as what a c t u a l l y  occurred.  I f  t h e  s c a l e  o f  ope ra t ions  determine f a c t o r  in- 

t e n s i t y ,  then  changes i n  average farm s i z e s  even imply a slowing down i n  t h e  



r a t e  o f  farm mechanization i n  t h e  1860s. 

i n  sum, ou r  estimates of  t h e  number of  r e a p e r s  i n  Ontar io 1850-70 

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

t h e  words. They do, however, form a d i f f u s i o n  p a t t e r n  similar t o  t h a t  which 

a c t u a l l y  occurred ,  which is more than  any unicausa l  explana t ion  o r  l i n e a r  

r e p e s s i o n  based on f a c t o r  p r i c e s  and/or s c a l e  of  ope ra t ions  (average farm 

n i e e )  could have done. Th i s  p r imar i ly  fo l lows  from t h e  in t roduc t ion  of  t h e  

s i e e  d i s t r i b u t i o n  of innovat ing  u n i t s  i n t o  t h e  ana lys i s .  The success  of  ou r  

model i n  p r e d i c t i n g  t h e  d i f f u s i o n  p a t t e r n  sugges ts  t h a t  it can provide a 

use fu l  parable  o f  Canadian r eape r  adopt ion. 

3. The coun te r f ac tua l  e s t ima te s ,  

I n  t h i s  s e c t i o n  coun te r f ac tua l  q u e s t i o n s  a r e  asked about t h e  course 

of  reaper  d i f f u s i o n  i n  t h e  absence of changes i n  f a c t o r  p r i c e s  o r  farm s i z e s .  

Thin permits  s e p a r a t i o n  o f  t h e s e  d i f f e r e n t  causa l  f a c t o r s  and some judgement 

can then  be made o f  t h e i r  r e l a t i v e  importance. 9 

The e s t i m a t e s  o f  r eape r  adopt ion  given i n  t h e  previous  s e c t i o n  and 

t h e  coun to r f ac tua l  e s t i m a t e s  both appear  i n  Table X I .  The method of d e r i v i n g  

these f i g u r e s  was presented  i n  chap te r  2 and can be i l l u s t r a t e d  with respec t  

t o  t h e  f i r s t  element i n  Table X I ,  The a r e a  under a lognormal d i s t r i b u t i o n  

with parameters  6 s  1.31, /Cr= 2.1,Q- 0.6 t o  t h e  ri&t o f  43.68 ( t h e  1850 

t h r e sho ld  s i z e )  c o n t a i n s  0.3% o f  t h e  t o t a l  a r e a  under t h e  curve. Since t h e r e  

7 ~ ~ r  t h i ~  procedure t o  be v a l i d ,  t h e  e f f e c t s  o f  t h e  b i a s s e s  mentioned above 
should be n e u t r a l ,  i.e. t h o s e  b i a s s e s  u n d e r s t a t i n g  t h e  e f f e c t s  of  changes i n  
S (underes t imates  o f  r and L ) must be t h e  same s i z e  as those  unde r s t a t i ng  T s 
t h e  e f f e c t s  of  changes i n  farm s i z e s  (mi s rep resen ta t ion  o f  f (x ) ) a  T h i s  is 
u n l i k e l y  t o  be t h e  case ,  bu t ,  s i n c e  t h e r e  a r e  b i a s s e s  ope ra t ing  on both 
v a r i a b l e s ,  it is impossible  t o  dec ide  i n  which d i r e c t i o n  t h e  n e t  b i a s  works. 
The assumption o f  zero ne t  b i a s  is made. 
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a r e  90,160 farms included i n  t h e  t o t a l  d i s t r i b u t i o n  f o r  1850, t h i s  a r e a  

r ep re sen to  270 farms. The assumption of ou r  model i s  t h a t  a l l  farms above 

t h e  threahold  s i z e  (and none below i t )  possess  a r eape r ,  so t h e  est imated 
* * 

number o f  r e a p e r s  i n  1850 is 270. S imi l a r ly ,  e s t ima te s  of  R60 and R can 
70 

be ob ta ined  by app ly ing  t h e  r e spec t ive  th re sho ld  s i z e s  t o  t h e  r e l evan t  farm 

* i t  
s i z e  d i s t r i b u t i o n .  A l l  t h r e e  o f  t h e s e  e s t ima te s ,  R = 270, R6* = 2,283 

50 
IF 

and R 
70 

= 30,080, were presented and discussed i n  t h e  previous sec t ion .  

The remaining elements  of Table X I  a r e  t h e  coun te r f ac tua l  es t imates .  

They reprecent  e s t i m a t e s  of  what t h e  number of r e a p e r s  would have been had 

circumstances been d i f f e r e n t  from those  which a c t u a l l y  obtained.  Thus, they  

a r e  n o t t e s t a b l e  even i n  p r inc ip l e .  They a r e ,  however, usef'ul i n  s e p a r a t i n g  

t h e  inf luence  o f  t h e  d i f f e r e n t  causa l  f ac to r s :  t e c h n i c a l  .change, f a c t o r  

p r i c e s  arid s c a l e  o f  opera t ions .  Conceptually,  t h e  e x e r c i s e  may be thought o f  

as a c o n t r o l l e d  a p p l i c a t i o n  of  t h e  c e t e r i s  par ibus  method of economic analysis- 

Each row o f  Table X I  p r e s e n t s  a p i c t u r e  of what t h e  t ime p r o f i l e  

of  r eape r  d i f f u s i o n  would have been had f a c t o r  p r i c e s  and t e c h n i c a l  c o n d i t i o n s  

(and hence t h e  th re sho ld  s i z e )  remained constant .  I f  t h e  t h re sho ld  s i z e  had 

remained at i t s  1850 l e v e l  throughout t h e  period,  t hen  inc reas ing  farm s i z e s  

a lone  would have l e d  t o  6,401 more r e a p e r s  being i n  u s e  i n  1870 than  i n  1850. 

The columns o f  Table X I  p resent  t h e  oppos i t e  s i t u a t i o n ,  i .e.  what 

would have happened t o  t h e  r a t e  o f  d i f f u s i o n  had farm s i z e s  remained unchanged. 

Since t h e  f i r s t  t h r e e  rows o f  t h e  t a b l e  a r e  i n  terms of t h e  t h r e s h o l d  s i z e  
t 

with  t h e  hand-rake r eape r ,  , t hey  exclude t h e  e f f e c t s  of  t e c h n i c a l  change 

and any v a r i a t i o n  w i t h i n  t h e  f i r s t  t h r e e  rows of  a column can be a s c r i b e d  t o  

changes i n  f a c t o r  p r i ce s .  Thus, if farms had remained at t h e i r  1850 s i z e s  

whi le  t h e  wage-rental r a t i o  increased  t o  i t s  1870 l e v e l ,  t hen  i n  t h e  absence 

o f  any t e c h n i c a l  change t h e  number of r e a p e r s  i n  u se  would have increased  from 



270 t o  y)G. 

The f l n a l  p iece  of  information which can be gleaned from t h i s  t a b l e  

i s  t h e  e f f e c t  on r eape r  adoption of  technical change i n  t h e  form of t h e  re- 

placement of  t h e  hand-rake r e a p e r  by t h e  se l f - rake  reaper .  I n  our  model 

t h e s e  two techniques  g ive  two d i f f e r e n t  t h r e s h o l d  s i z e s  f o r  each year:  " 
''TI 

and ST , t h e  l a t t e r  be ing  a s s o c i a t e d  wi th  t h e  more e f f i c i e n t  se l f - rake  
2 

r eape r  (hence S c ST ). The e f f e c t  on r eape r  adoption of  t h e  new techni -  
T2 1 

que can be seen from a comparison o f  t h e  bottom two rows of  Table X I ,  e.g. 

had t h e  se l f - r ake  r e a p e r  not been a v a i l a b l e  i n  1870 t h e  number o f  r e a p e r s  

would have been 1 3,046 rat h e r  t harl 30,080. 

Having d e a l t  wi th  t h e  mechanics of c o n s t r u c t i n g  and r ead ing  Table 

X I  we w i l l  now draw some conclus ions  from it. I n  i n t e r p r e t i n g  t h e  t a b l e  

t h r e e  p o i n t s  s tand  o u t ;  t h e s e  w i l l  be d e a l t  wi th  i n  t u rn .  

The i n t r o d u c t i o n  of t h e  se l f - rake  r eape r ,  i n c r e a s i n g  L- and S, ,  
J 1 ' 

accounts  f o r  h a l f  of  t h e  inc rease  i n  r e a p e r s  between 1860 and 1870. Without 

t h e  se l f - rake  r e a p e r  t h e  i n c r e a s e  would have been. 13,663 in s t ead  o f  27,797. 

Much o f  t h e  l i t e r a t u r e  on d i f f u s i o n  of t e c h n i c a l  change has been concerned 

wi th  e x p l a i n i n g . t h e  l1lagt1 between invent ion  and innovat ion  (c f .  ch. 1 ,  p. 11 ). 

T h i s  emphasis may be misplaced, however, because o f  t h e  imperfec t ion  of  most 

"invent ions1'. Only a f t e r  improvements do they  become p r a c t i c a l  , and, as i n  

t h i s  c a s e  t h e r e  may be no t ime l a g  between t h e  improvement and i ts  introduc-  

t i o n .  Thus, emphasis on t h e  "eurekall s t a g e  o f  a new technique ,  a l though 

t r a d i t i o n a l  may not  have much economic s i g n i f i c a n c e ,  u n l e s s  we have a n  economic 

explana t ion  o f  why improvements t o  t h e  b a s i c  i nven t ion  occur  ( f o r  f u r t h e r  

d i ecuss ion  of t h i s  t o p i c  s e e  ~ o s e n b e r g ) .  

Despi te  t h e  dramat ic  e f f e c t  o f  t h e  i n t r o d u c t i o n  o f  t h e  se l f - rake  

r eape r  i n  18609, o t h e r  f a c t o r s  were important  i n  de te rmining  t h e  r a t e  o f  
-f 



reapor  d i  f'i'ueion. Even without t h e  se l f - rake  r eape r  t h e  inc rease  i n  t h e  

numbt!r of '  r eape r s  1860-70 would have been sevenfold,  and even i f  t h e  s e l f -  

rake  rofiper had e x i s t e d  i n  1850 t h e  number of  r e a p e r s  o p e r a t i n g  then  would 

have bee11 small.  Comparison of  t h e  r e l a t i v e  importance o f  changes i n  f a c t o r  

p r i c o s  and i n  s c a l e  of  ope ra t ions  can be made from t h e  square matr ix formed 

by t h e  f i r u t  t h r e e  rows o f  Table X I .  For example, changes i n  farm s i z e s  

a lone  induced an  inc rease  i n  t h e  number of' r e a p e r s  between 1850 and 1870 of  

6,401 whereas changes i n  f a c t o r  p r i c e s  a lone  l ed  t o  an i n c r e a s e  o f  686 

r eape r8  i n  t h e  same period. Since t h e  elements north-east o f  t h e  main diag- 

ona l  a r e  g r e a t e r  t han  those  t o  t h e  south-west of  it (and by l a r g e  amounts), 

t h i s  g i v e s  support t o  Ka ldo r ' s  conten t ion  t h a t  s i z e  o f  market is more impor- 

t a n t  t han  f a c t o r  p r i c e s  i n  exp la in ing  t h e  adopt ion  o f  more c a p i t a l - i n t e n s i v e  

techniques.  

The e f f e c t s  o f  changes i n  f a c t o r  p r i c e  o r  t o t a l  acreage  a r e  not 

l i n e a r .  Thus t h e  1850-70 change i n  f a c t o r  p r i c e s  l e a d s  t o  a f a r  g r e a t e r  

it 
a b s o l u t e  change i n  d when acreage  i s  he ld  cons tan t  at t h e  1870 l e v e l  t han  i f  

it were held a t  t h e  1830 l e v e l  ( c f .  columns 1 and 3 o f  Table X I )  S i m i l a r l y  

* 
t h e  change i n  acreage  has g r e a t e r  e f f e c t  on R i f  f a c t o r  p r i c e s  a r e  held a t  

t h e i r  1870 r a t i o  r a t h e r  t han  t h e i r  1850 r a t i o  ( c f .  rows 1 and 3 o f  Table X I ) .  

I n  sum t h e r e  is a c r i t i c a l  reg ion  wi th in  which changes i n  e i t h e r  f a c t o r  

p r i c e s  o r  farms'  acreage  have g r e a t e r  e f f e c t  on t h e  choice  o f  technique than  

they  had e a r l i e r .  Th i s  non- l inear i ty  a r i s e s  from p o s t u l a t i n g  a  non-rectangular 

d i s t r i b u t i o n  o f  innovat ing  u n i t s ,  which i s  c l e a r l y  a reasonable  assumption 

a p p l i c a b l e  t o  most c a s e s  o f  innovat ion.  I t  is t h e  same non- l inear i ty  which 

produces t h e  S-shaped d i f f u s i o n  p a t t e r n  d e a l t  wi th  i n  t h e  previous  sec t ion .  



4. Chari(:lng the  parameters  o f  t h e  lognormal d i s t r i b u t i o n s .  

I n  o r d e r  t o  o b t a i n  t h e  parameters  of  t h e  lognormal d i s t r i b u t i o n s  

used above, it was assumed t h a t  small g r a i n  acreage was d i s t r i b u t e d  i n  t h e  

same way a s  t o t a l  acreage  (c f . .  p. 68). This  assumption was chosen on t h e  

grounds t h a t  i t  was e a s l l y  a p p l i c a b l e  and independent of  t h e  model. It can,  

howeveq be c r i t i c i z e d .  If  farmers  ~ I ' G W  one cash crop (srnaii g r a i n s )  and a 

c o l l e c t i o n  o f  subs i s t ence  c rops ,  t hen  it may be argued t h a t  a g r e a t e r  pro- 

por t  ion  o f  t o t a l  acreage  w i l l  be devoted t o  t h e  cash c rop  on l a r g e  farms than  

on small farms. 

Within t h e  family o f  lognormal d i s t r i b u t i o n s  t h i s  a l t e r n a t i v e  

anuumption imp l i e s  a h igher  mean ( i . e .  a h igher  median small g r a i n  ac reage )  

and a lower s tandard dev ia t ion .  I n  o r d e r  t o  t e s t  t h e  s e n s i t i v i t y  o f  ou r  

r e s u l t s  t o  such changes Table X I  was rees t imated  w i t h 6 =  0.5 and h ighe r  va lues  

o f' !-A. , 10 
These  ccw s i ~ i i l & i i u n u  a r e  presented I n  Table XII. 

I n  comparing t h e s e  new e s t i m a t e s  wi th  t h e  o r i g i n a l  f i g u r e s  i n  Table 

% 
X I  some small changes a r e  evident .  The va lue  of  Rt f o r  1870 i s  4% higher ,  

* 
and c looe r  t o  t h e  census f i g u r e .  On t h e  o t h e r  hand, t h e  va lue  of Rt f o r  

1850 i s  65 lower,  and appea r s  l e s s  l i k e l y  than  t h e  o r i g i n a l  es t imate .  The 

o v e r a l l  tendency o f  t h i s  change i n  t h e  parameters  i s  t o  i n c r e a s e  t h e  est imated 

pace o f  d i f f u s i o n ;  t h e  S-shaped d i f f u s i o n  pa th  remains,  but t h e  S is more 

compressed. So f a r  as t h e  c o u n t e r f a c t u a l  eg t  imates  a r e  concerned, t h e  rev ised  

parameters  have increased  t h e  importance a s c r i b e d  t o  t h e  se l f - rake  r eape r  at 

t h e  expense o f  changes i n  f a c t o r  p r i c e s  and median farm s i z e .  The s c a l e  o f  

opera t  i ons  remains more important t han  r e l a t i v e  f a c t o r  p r i c e s  and t o  a g r e a t e r  

degree t han  i n  t h e  o r i g i n a l  es t imates .  

10 
The displacement parameter ,  6 ,  remained unchanged because no reasonable  
a l t e r n a t i v e  hypo thes i s  as t o  i t s  va lues  p r e s e n t s  it s e l f .  





The concluuion is t h a t  changing t h e  parameters of  t h e  lognormal 

r!! ! ! !r ib! . !?ior:  bar; l i t t l e  a f f e c i  U ~ I .  r t - s u i i ; ~ .  I i  may be argued t h a t  a l t e r i n <  

6 by 2 ~ $  i ~ n d  / b y  $ s t i i l  does not r ep re sen t  a reasonable assumption abou t  

t h e  a c t u a l  u n l a l i  g r a i n  d i n t r i b u t i o n .  The po in t ,  however, i s  t h a t  even i f  ?:;, 

changco were l a r g e r  o r  sma l l e r  they  would not a l t e r  ou r  q u a l i t a t i v e  conclu- 

s i o n s ;  t he  predic ted  d i f f u s i o n  path would remain S-shaped and s c a l e  of  opera- 

t i o n s  would remain more important than  r e l a t i v e  f a c t o r  p r i ce s .  

5.  Comparison o f  o u r  r e s u l t s  with David's r e s u l t s .  

I n  t h i s  s e c t i o n  ou r  r e s u l t s  a r e  compared wi th  those  o f  David 's  

s tudy o f  t h e  "major small g r a i n  count ies"  of  I l l i n o i s  between 1849-50 and 

lR>9-60. Th i s  comparison h i g h l i g h t s  t h e  importance o f  i n t roduc ing  t h e  farm 

s i z u  d i a t r i b u t i o n  i n t o  t h e  a n a l y s i s .  

M v i ?  f o u ~ d  t h ~ t  t h e  thresh?;? s i z e  f e l l  frrjm 46.5 a c r e s  t o  35.1 

a c r e s  whi le  t h e  average small g r a i n  acreage  increased from 25 t o  30 ac re s .  

He coneidered t h i s  t o  provide an  empir ica l  foundation f o r  t h e  p l a u s i b i l i t y  o f  

h i s  model  avid 1966, p. 24). The gap ST - bx, is reduced by 75% bu t ,  i f  

t h e  s tandard  d e v i a t i o n  of  t h e  farm s i z e  d i s t r i b u t i o n  was small, t h e  number of  

farms above t h e  t h r e s h o l d  s i z e  may not have increased  very much. Without 

knowled~e  o f  t h e  shape o f  t h e  d i s t r i b u t i o n  it is  impossible  t o  determine t h e  

q u a n t i t a t i v e  s i g n i f i c a n c e . f o r  t h e  number o f  farms above S o f  a given reduc- T 

t i o n  i n  t h e  gap between S and p,. Thus,  when David t e l l s  u s  t h a t  t h e  gap was T 

reduced by 75$ i n  t h i s  pe r iod ,  we do not know whether t h i s  reduct ion  was, i n  

terms of  i t s  e f f e c t  on t h e  number o f  farms above S l a r g e  o r  small. Th i s  
T ' 

means t h a t  we do not kno'w whether David 's  model adequately d e s c r i b e s  t h e  

phenomenon under s tudy  o r  not.  I n  c o n t r a s t ,  ou r  more completely s p e c i f i e d  

model makes numerical e s t i m a t e s  o f  t h e  p red ic t ed  number of  r eape r s ,  which can 



be corn j~ i l r td  with t h e  a c t u a l  s l t u a t  ion. 

detarvnin(? the r e l a t i v e  importance of  t h e  d i f f e r e n t  causes  of  r a p i d  d i f f u s i o n .  

Here, hr e incomplete s p e c i f i c a t i o n  not on ly  p reven t s  a c c u r a t e  quant i f i c a t  lor ; ,  

but may lead t o  q u a l i t a t i v e  e r r o r .  The conclusion which he a r r i v e s  a t  from 

t h e  above d a t a  is tha t : -  

"... t h e  es t imated  inc rease  i n  average small  g r a i n  acreage  was 
r e spons ib l e  f o r  l e s c  than  n t h i r d  o f  t h e  subsequent reduct  ion 
o f  -the gap e x i s t i n g  between th re sho ld  s i z e  and average acreage  
at t h e  opening o f  t h e  decade. Moreover, among t h e  Midwestern 
s t a t e s  exper ienc ing  r ap id  se t t lement  d u r i n g  t h e  18508, I l l i n o i s  
was s i n ~ l a r  i n  t h e  magnitude o f  t h e  expansion o f  i t s  average 
farm s i z e .  Elsewhere i n  t h e  Midwest, t h e  r e l a t i v e  r i s e  i n  
rarrn wage r a t e s  i s  l i k e l y  t o  have played a sti l l  g r e a t e r  r o l e  
i n  br inging  t h e  bas i c  r eap ing  machine i n t o  genera l  use  d u r i n g  
t h e  decade preceding t h e  C i v i l  War."  avid 1966, p. 25) 

David has a ~ c r i b e d  numerical va lues  t o  h i s  conclus ions  (changes i n  f a c t o r  

p r i c e s  a r e  more than  twice  as important as changes i n  average farm s i z e ) ,  but 

Our Ontar io  1850-70 r e s u l t s  have some s i m i l a r i t y  t o  David's I l l i n o i s  

r e s u l t s ;  S f a l l s  from 43.7 t o  27.0 a c r e s  whi le  average small g r a i n  acreage  T 

r i s e c  from 12.9 t o  20.9 ac re s .  Thus, approximateiy one t h i r d  o f  t h e  reduc- 

t i o n  o f  t h e  gap ST -Fx is  due t o  increased  acreage  and two t h i r d s  i s  due 

t o  f a l l i n g  th re sho ld  s i z e ,  a l though i n  t h i s  ca se  t h e  l a t t e r  r educ t ion  i s  d u e  

t o  t e c h n i c a l  improvement ( i. e. i n t roduc t ion  o f  t h e  se l f - rake  r e a p e r )  as well  

a s  increased  wage-rental r a t i o .  Even i f  t h e  e f f e c t  o f  t h e  se l f - rake  r eape r  

were omi t ted ,  however, changes i n  f a c t o r  p r i c e s  appear  more important t han  

increased farm s i z e  on t h e  gap r educ t ion  c r i t e r i o n .  By in t roduc ing  t h e  whole 

farm s i z e  d i s t r i b u t i o n ,  r a t h e r  t han  ju s t  t h e  mean, we obta ined  d i f f e r e n t  

conclusions.  The change i n  t h e  t h r e s h o l d  s i z e  between 1850 and 1870 would 

have increased  t h e  number o f  r e a p e r s  by 6 7 8  i f  farm s i z e s  had not changed, 

whereas t h e  change i n  farm s i z e s  between 1850 and 1870 would have l e d  t o  a 



2 , 3 7 0 $  Increase  c e t e r i s  par ibus.  I f  we cons ider  t h e  1860s a lone  r educ t ion  

i n  i i ~ c  ttlx.c*moitr size 1s t h e  dominant e f f e c t ,  but on ly  because o f  t h e  in t ro -  

duc t ion  o f  t h e  se l f - rake  reaper .  During t h e  1 8 5 0 ~ ~  t h e  1860s and t h e  1850-7C: 

period as  a whole, t h e  changes i n  f a c t o r  p r i c e s  now appear  l e s s  important 

than  t h e  change i n  t h e  s c a l e  o f  operat ions."  Thus David's methodology 

would have produced a q u a l i t a t * i v e l y  wrong answer t o  t h e  ques t ion  o f  which o f  

t h e s e  two explana tory  v a r i a b l e s  was t h e  more important i n  Ontar io.  

The weakneos o f  David's method o f  de te rmining  t h e  r e l a t i v e  impor- 

t ance  o f  t h e  causa l  f a c t o r s  is t h a t  it i m p l i c i t l y  assumes a symmetrical farm 

s i z e  d i s t r i b u t i o n  wi th  cons tan t  s tandard  dev ia t ion .  Th i s  was not t h e  ca se  

i n  Ontar io  and, a l though t h e r e  a r e  no d a t a  on t h e  d i s t r i b u t i o n  o f  small g r a i n  

acreage  i n  antebel lum I l l i n o i s ,  t h i s  assumption o f  a symmetrical farm s i z e  

d i s t r i b u t i o n  seems u n l i k e l y  t o  apply  t h e r e .  l 2  I f  t h e  farm s i z e  d i s t r i b u t i o n  

is not symmetrical t hen  it i s  not  g e n e r a l l y  t r u e  t h a t  a reduct  ion  o f  S, b.v 
1 

k a c r e s  is equiva len t  i n  its e f f e c t  upon r eape r  adoption t o  an inc rease  i n  

f i  o f  k a c r e s ,  even i f  tJ remains cons tan t .  I f  farms a r e ,  f o r  example, 
X X 

lognormally d i s t r i b u t e d ,  t hen  an  inc rease  i n p  does not j u s t  s h i f t  t h e  d i s t r i -  
X 

bution t o  t h e  r i g h t ,  but a l t e r s  t h e  shape o f  t h e  d i s t r i b u t i o n   i itch is on Rc 

Browri p.  10). I n  t h e  lognormal case ,  i f  average farm o ize  i n c r e a s e s  by t h e  

same amount a s  t h e  t h r e s h o l d  farm s i z e  f a l l s ,  t h e  former w i l l  have a g r e a t e r  

" ~ h c  nr-ment t h a t  t h e  se l f - rake  r eape r ,  a labour-saving improvement, was 
introduced i n  reRponse t o  changes i n  r e l a t i v e  f a c t o r  p r i c e s  and t h u s  a l l  
 shift^ i n  ST should be a sc r ibed  t o  changed f a c t o r  p r i c e s  i s  r e j ec t ed .  Since 
t h e  improvement reduced Labour requirements  without  i n c u r r i n g  any cos t  s, a 
competi t ive Canadian implement i ndus t ry  would borrow it from t h e  U . S . A .  as 
qu ick ly  as poss ib le .  The f a c t  t h a t  t h e  se l f - rake  r eape r  was introduced i n  
Canntla rwven y e a r s  a f t e r  i t s  i n t r o d u c t i o n  i n  t h e  U.S.A. i s  t o  be explained 
by i n s t i t u t i o n a l  arrangements r ega rd ing  p a t e n t s  r a t h e r  than  by Canadian 
f a c t o r  p r i c e s   enis is on p. 47). 

I 2 ~ o r  some genera l  c o n s i d e r a t i o n s  as t o  why we might expect a skewed d i s t r i b u -  
t i o n  s e e  p.67-8 above. 



oft'c!c:t reaper i d o p t i o n  ( c f .  FYgure 6 ( b )  ). This  exp la ins  why i n  t h e  

than  .the i nc rease  i n  average farm s i z e ,  and y e t  t h e  l a t t e r  w a s  t h e  more sig- 

n i  f i c a n t  causa l  f a c t o r .  

David's conclus ion  t h a t  changes i n  f a c t o r  p r i c e s  were more than  

twice as important nr; changes i n  average farm s i z e  i n  exp la in ing  t h e  r ap id  

diTf'usion of reapera  i n  I l l i n o i s  i n  t h e  1850s i s  t h u s  seen t o  r e s t  on t h e  

shaky aneumption o f  a symmetrical farm s i z e  d i s t r i b u t i o n .  Under t h e  more 

l i k e l y  assumption of '  a skewed d i s t r i b u t i o n ,  t h e  emphanis on f a c t o r  p r i c e s  

would be loun,  a l though without  s p e c i f y i n g  t h e  p r e c i s e  d i s t r i b u t i o n  we do not 

know by how much. 

An idea  of t h e  q u a n t i t a t i v e  importance of  t h e  assumption o f  an a- 

symmetrical farm s i z e  d i s t r i b u t i o n  i n  t h e  Ontar io  case  may be gained from a 

compxrison between o u r  r e s u l t s  and the  r e s u l t s  which would have been obta ined  

i f  a d i s t r i b u t i o n  c o n s i s t e n t  w i th  David's i m p l i c i t  assumption had been used. 

* 
I n  Appendix 2 va lues  o f  R comparable t o  t h e  r e s u l t s  i n  Table X I  a r e  der ived  

from n normal d i s t r i b u t i o n  wi th  cons tan t  s tandard  deviat ion. '  The e s t i m a t e s  

obtalned from t h i s  symmetrical d i s t r i b u t i o n  i n d i c a t e  t h a t  changing f a c t o r  

p r l  CC:I were more important t han  changing s c a l e  o f  opera t  i o n s  i n  exp la in ing  

reupar  adopt ion. Thus, as was mentioned above, David 's  methodology produces 

a qualitatively wrong r e s u l t  i n  t h e  Ontar io  case.  The s u r p r i s i n g  t h i n g  t o  

emereo from t h e  concre te  example of  a  normal farm s i z e  d i s t r i b u t i o n  is ju s t  

how c-loar ly t h e  David method p o i n t s  t o  t h e  wrong conclusion.  I n  t h e  1860s, 

'~1lhout:h t h e r e  a r e  o t h e r  symmetrical d i s t r i b u t i o n s ,  a.g. t h e  r ec t angu la r  
d i s t r i b u t i o n ,  t h e  normal i s  t h e  only  one which appears  p l aus ib l e .  The mean, 
uverar;c small g r a i n  acreage  pe r  farm, is known from t h e  census data .  The 
s tandard  d e v i a t i o n  i s  assumed cons t an t ,  because a va ry ing  s tandard  d e v i a t i o n  
i s  i n c o n s i s t e n t  wi th  David's gap r educ t ion  c r i t e r i o n .  



k ' l i 3 . m  b. E f f e c t s  on r eape r  adoption o f  equal changes i n  ,u o r  S,,, with  
X 

d l  t urnat l v e  Tarm s i z e  d l s t  r i b u t  ions.  

(a) Norrrlril ti, s t r l b u t i o n  wi th  cons tan t  6 . 
X 

( b )  Lotrnormal d i s t r i b u t i o n  w j  t h  cons tan t  6. 

I 

Small 
g ra in  fl - 

acreage  per  
farm ( x )  

Notes: I n  an i n i t i a l  s i t u a t i o n  o f t :  = 10 and ST = 30, t h e  propor t ion  o f  

farms g r e a t e r  t han  t h e  th re sho ld  s i z e ,  R ,  i s  n e g l i g i b l e  i n  both 

cases. If p i n c r e a s e s  by t e n  a c r e s  so t h a t  ,?A = 20 and ST = 30, 
X X 

then t h e  propor t ion  o f  farms above S i s  H I .  If in s t ead  ST f a l l s  
T 

by t e n  a c r e s  so t h a t  px = 10 and ST = 20, t hen  t h e  propor t ion  o f  

farms above S is  H I n  t h e  normal d i s t r i b u t i o n  case  R, = R2,  i . e .  
T 2 

t h e  e f f e c t  on r e a p e r  adopt ion  o f  a t e n  a c r e  i nc rease  i n  p is 
X 

i d e n t i c a l  t o  t h a t  o f  a t e n  a c r e  r educ t ion  i n  S I f  t h e  lognormal 
T 

case  R1 7 R i .e.  t h e  e f f e c t  o f  a t e n  a c r e  i nc rease  i n  p i s  
2 ' X 

g r e a t e r  than  t h a t  o f  a t e n  a c r e  r educ t ion  i n  S 
T 



* 
f o r  example, with t h e  lognormal d i s t r i b u t i o n  R increased  from 2,283 t o  8,742 

ii 
when Cnrm u izes  changed c e t e r i s  par ibus ,  but R on ly  increased  t o  4,770 when 

f a c t o r  pr icen  changed c e t e r i s  par ibus.  For  t h e  same per iod  t h e  normal d i s -  

* 
t r i h u t i o n  vers ion  gave an inc rease  i n  R from 172 t o  999 when farm s i z e s  

changed c e t e r i s  par ibus  and t o  2,824 when f a c t o r  p r i c e s  changed c e t e r i s  p a r i -  

bun, which sugges t s  a s i g n i f i c a n t l y  g r e a t e r  importance should be a s c r i b e d  t o  

t h e  f a c t o r  p r i c e  changes! 14  

I n  sum, it can be s a i d  t h a t  t h e  incomplete s p e c i f i c a t i o n  o f  David 's  

model l e a v e s  it open t o  some s e r i o u s  c r i t i c i s m s .  F i r s t l y ,  as it s t a n d s  

David 's  model is not t e s t a b l e .  It provides  no guide a s t o  how l a r g e  a reduc- 

t i o n  i n  t h e  gap between ST and /Ux is  necessary  t o  exp la in  a g iven  inc rease  

i n  t h e  number o f  reapers .  Secondly, David 's  model cannot i n d i c a t e  t h e  

r e l a t i v e  importance of t h e  causa l  f a c t o r s ,  because t h e r e  i s  a b i a s  i n  favour 

o f  f a c t o r  p r i ce s .  Thus h i s  conclusion as t o  t h e  pre-eminent r o l e  of changes 

i n  f a c t o r  p r i c e s  i n  exp la in ing  t h e  r a t e  of r eape r  d i f f u s i o n  must be considered 

not proven. I n  c o n t r a s t ,  o u r  model does provide e s t i m a t e s  o f  t h e  inc rease  i n  

t h e  number o f  r e a p e r s  fo l lowing  changes i n  S o r  f ( x ) ,  which can be compared 
T 

wi th  t h e  a c t u a l  f i g u r e s ,  and ou r  f i n d i n g s  on t h e  r e l a t i v e  importance o f  t h e  

causa l  f a c t o r s ,  whi le  not so clear-cut  as t o  s t a t e  t h a t  one is twice  as 

important as ano the r ,  have a f i rmer  t h e o r e t i c a l  base t h a n  David's. 

1 4 ~ h e  f i g u r e s  e r e  obta ined  from Table X I  and Table A I I .  



CHAPTER VII 

CONCLUSIONS 

- 3 .  

L t i1  o ~ t u d y  has been concerned w l t  h  i n v e s t i g a t i o n  and assessment of 

t h e  rolat 1 ve importtince of economic f a c t o r s  a f f e c t i n g  t h e  dec i s ion  of  Ontarlc 

farmers t o  use mechanical reapers .  The l i t e r a t u r e  on Canadian economic 

development and on t h e  d i f f u s i o n  of t e c h n i c a l  change was reviewed. This  

l i t e r a t u r e  pointed t o  f a c t o r  p r i c e s ,  t h e  s c a l e  of ope ra t ions  and t echn ica l  

chanm as t h e  r e l evan t  v a r i a b l e s  i n  exp la in ing  t h e  r a t e  of reaper  d i f fus ion -  

The i s s u e s  t h a t  t h i s  r a i s e d  f o r  t h e  present  s tudy were twofold. F i r s t ,  how 

far  do t h e s e  economic v a r i a b l e s  succeed i n  exp la in ing  t h e  observed d i f f u s i o n  

p a t t e r n ,  e s p e c i a l l y  t h e  t ime l a g  between a v a i l a b i l i t y  and widespread adoption 

which y i e lded  t h e . f a m i l i a r  S-shaped p a t t e r n ?  Second, what weights  should be 

giver1 t o  each o f  t h e s e  t h r e e  explana tory  va r i ab l e s?  

A model developed by David was used as a s t a r t i n g  point  f o r  t h e  

proaent 8tudy. David 's  model in t roduced  t h e  concept o f  a th re sho ld  farm s i z e ,  

above which it was p r o f i t a b l e  t o  u se  a r eape r ,  and explained reaper  adoption 

i n  term8 o f  r educ t ions  i n  t h e  t h r e s h o l d  s i z e  o r  i n c r e a s e s  i n  average farm 

s i z e .  The t h r e s h o l d  s i z e  i a  determined by r e l a t i v e  f a c t o r  p r i c e s  and t h e  

t e c h n i c a l  s p e c i f i c a t i o n s  o f  t h e  a l t e r n a t i v e  h a r v e s t i n g  techniques.  Our pr inc i -  

pal ex tens ion  o f  David 's  model was t o  e x p l i c i t l y  s t a t e  a farm s i z e  d i s t r i b u -  

tian, r a t h e r  than  j u s t  u s ing  average farm s i z e ,  Th i s  ex tens ion  permit ted 

q u a n t i t a t i v e  e s t i m a t e s  o f  t h e  r a t e  o f  r eape r  adopt ion  t o  be made. Thus ou r  

model i nd ica t ed  t h e  q u a n t i t a t i v e  s i g n i f i c a n c e  f o r  r e a p e r  adopt ion  of changes 

i n  t h e  th re sho ld  s i z e  o r  farm s i z e s ,  whereas David's model g i v e s  no guide as 

t o  how l a r g e  such changes must be t o  cause a s i g n i f i c a n t  i nc rease  i n  r eape r  

d i f fus ion .  Furthermore it was shown t h a t  without  ou r  ex tens ion  David's model 

could produce q u a l i t a t i v e l y  wrong r e s u l t s  r ega rd ing  t h e  r e l a t i v e  importance 

o f  t h e  explana tory  va r i ab l e s .  



'l'here a r e  two major cavea t s  t o  t he  a p p l i c a b i l i t y  of ou r  model. If 

i l i w r . ~  Wiin (:vi)peration Detween farmers  over  u se  o f  r eape r s ,  then  o u r  e s t ima te s  

o f  reaper  adopt ion  w i l l  be t o o  low. I f  t h e r e  was a r eve r se  cha in  o f  c a u s a l i t y  

between r eape r s  and farm s i z e s ,  t hen  o u r  s e p a r a t i o n  o f  causa l  f a c t o r s  w i l l  

be i nva l id .  These problems a r e  examined i n  chap te r s  3 and 4. The major 

argument aga ins t  t h e  e x i s t e n c e  o f  coopera t ion  i s  t h a t  t h e r e  i s  no empir ica l  

evidence o f  such p rac t i ce s .  The l a c k  o f  such evidence sugges ts  t h a t  t ransac-  

t i o n ~  c o s t s  were high,  and it was hypothesised t h a t  t h i s  was a r e s u l t  o f  t h e  

s p a t i a l  d i s t r i b u t i o n  of  farms and t h e  geography of  Ontar io.  Some rudimentary 

t e s t s  based on county samples supported t h i s  hypothesis .  The reduct ion  i n  

average c o s t s  fo l lowing  t h e  i n t r o d u c t i o n  of t h e  r eape r  d i d  provide a n  incen- 

t i v e  f o r  i n c r e a s i n g  farm s i z e ,  but t h i s  was o f  l i t t l e  q u a n t i t a t i v e  s i g n i f i -  

cance compared t o  t h e  o t h e r  f a c t o r s  which were encouraging increased  acreage 

a t  t h i a  time. Thus n e i t h e r  of  t h e s e  o b j e c t i o n s  i s  r e f u t e d ,  but both were 

found t o  be o f  l i t t l e  q u a n t i t a t i v e  s ign i f i cance .  

The d a t a  and r e s u l t s  a r e  presented i n  chap te r s  5 and 6.  The d a t a  

contained nome weaknesses, e s p e c i a l l y  w i th  r e spec t  t o  t h e  r a t e  o f  i n t e r e s t  

and t h e  d i s t r i b u t i o n  o f  small g r a i n  acreage.  The f i t t i n g  o f  an e a s i l y  mani- 

pu lab le  frequency func t ion  t o  t h e  observed farm s i z e  d i s t r i b u t i o n s  a l s o  

reduced t h e  p r o b a b i l i t y  t h a t  ou r  model would make a c c u r a t e  e s t i m a t e s  o f  t h e  

a c t u a l  number o f  reapers .  I n  t h e  l i g h t  of t h e s e  problems t h e  e s t i m a t e s  

obta ined  i n  chap te r  6 provided reasonable  approximat i o n s  of t h e  a c t u a l  f i gu res .  

I n  p a r t i c u l a r ,  t h e  succes s  o f  t h e  model i n  reproducing t h e  S-shaped d i f f u s i o n  

pa th  l e d  us  t o  conclude t h a t  t h e  model provided a u s e f u l  parable  o f  t h e  d i f fu-  

s i o n  process.  

The conclus ions  r ega rd ing  causa l  f a c t o r s  i n  t h e  r a t e  o f  r eape r  

adopt ion  a r e  t h ree fo ld .  F i r s t ,  t h e  r eape r  of  t h e  1860s was a d i f f e r e n t  pro- 



d u c t  to  t twt o f  t h e  I ~ ! ~ O B  and t h e  labour-saving improvement which had t aken  

pluctj riocounts I'or half of  t h e  inc rease  i n  t h e  number o f  r e a p e r s  between 

1860 and 18'70. Thi s  sugges t s  t h a t  i f  t h e  self-rake r eape r  had been a v a i l a b l e  

e a r l i e r  t hen  d i f f u s i o n  would have been f a s t e r  i n  t h e  1 8 5 0 ~ ~  a l though t h e  

bottom row of Table X I  i n d i c a t e s  t h a t  t h e  d i f f u s i o n  pa th  would have remained 

3-shaped. 

Second, t h e  inc rease  i n  acreage  which occurred between 1850 and 

1870 was a more important causa l  f a c t o r  t han  t h e  inc rease  i n  t h e  wage-rental 

r a t i o .  Th i s  i s  t h e  oppos i t e  conclusion t o  t h a t  o f  David f o r  t h e  American 

Midwest and t h i s  r e v e r s a l  appears  t o  r e s u l t  from t h e  incomplete s p e c i f i c a t i o n  

o f  h i s  model, which omi ts  a l l  parameters  o f  t h e  farm s i z e  d i s t r i b u t i o n  o t h e r  

than  t h e  mean. If t h e  explana tory  v a r i a b l e s  a r e  d iv ided  i n t o  demand and 

supply e f f e c t s ,  t h e  former be ing  changes i n  farmers '  demand f o r  r e a p e r s  be- 

cause o f  changes i n  t h e  f i n a l  product market and t h e  l a t t e r  be ing  changes i n  

t h e  supply of f a c t o r s  ( e i t h e r  changes i n  t h e i r  a v a i l a b i l i t y  and p r i c e  o r  i n  

t h e i r  t e c h n i c a l  s p e c i f i c a t i o n s ) ,  it is  not c l e a r  which is t h e  more important.  

Over  t h e  whole 1850-70 per iod  t h e  demand e f f e c t  is  t h e  more important ,  but 

over  t h e  1860s a l o n e  t h e  supply e f f e c t  predominates. 

Th i rd ,  given changes i n  f a c t o r  p r i c e s  and farm s i z e s  do not  have 

t h e  eame e f f e c t  on r e a p e r  adopt ion  at d i f f e r e n t  t imes. There is a c r i t i c a l  

reg ion ,  depending on  t h e  shape o f  t h e  farm s i z e  d i s t r i b u t i o n ,  where t h e  s lope  

o f  t h e  frequency f u n c t i o n  becomes s t e e p e r  and previous ly  i n s i g n i f i c a n t  changes 

i n  f a c t o r  p r i c e s  o r  average farm s i z e  have a much g r e a t e r  e f f e c t  on t h e  number 

of  r e a p e r s  adopted t h a n  previously.  

It w a s  suggested i n  chap te r  1 t h a t  t h e  increased  r a t e  o f  r e a p e r  

d i f f u s i o n  i n  t h e  1860s was a n  important component p a r t  o f  a c r i t i c a l  t r a n s i -  

t i o n  period i n  Canada's economic development. Explanat ion o f  t h e  component 



may throw l i g h t  on t h e  broader phenomenon. The proximate causes o f  t h e  

increased d i f f u s i o n  r a t e  were, i n  order  of importance, ( i)  t h e  development 

o f  t h e  self-rake reaper ,  ( i i )  increased g r a i n  p r i c e s  and reduced c o s t s  o f  

c l e a r i n g  land,  which l e d  t o  increased small g r a i n s  acreage,  and ( i i i )  a 

change i n  r e l a t i v e  f a c t o r  p r i c e s  fol lowing an inc rease  i n  a g r i c u l t u r a l  wage 

r a t e s .  The p i c t u r e  i s  one o f  a s e r i e s  of  simultaneous e x t e r n a l  s t i m u l i  t o  

mechanization, e.g. invent ions  imported from t h e  U.S.A. ( t h e  se l f - rake  reaper ,  

stump-pullers) and t h e  American C i v i l  War ( a f f e c t  ing  t h e  g r a i n  market and 

poss ib ly  t h e  labour  market). These s t imul i  d id ,  however, have a powerful 

e f f e c t  only because Canadian a g r i c u l t u r e  w a s  at t h e  c r i t i c a l  region  mentioned 

i n  t h e  previous paragraph. Thus t h e  ques t ion  of  cause is not so c l e a r ,  be- 

cause changes i n  t h e  1850s (and e a r l i e r )  when t h e  p r i c e  o f  r e a p e r s  f e l l  and 

g r a i n  p r i c e s  rose  were e s s e n t i a l  p r e r e q u i s i t e s  f o r  t h e  inc rease  i n  t h e  pace 

o f  reaper  adoption i n  t h e  1860s. A conclusion, based on t h e  1 8 6 0 ~ ,  t h a t  

supply e f f e c t s  were preeminent has t o  be changed when t h e  1850s a r e  included. 

One o f  t h e  phenomena t o  be explained was t h e  slowness of  t h e  

Canadian farmer i n  adopt ing  t h e  mechanical r eape r  r e l a t i v e  t o  h i s  American 

counterpart  . The argument has  been made i n  t h e  l i t e r a t u r e  t h a t  t h e  Canadian 

ent repreneur  i s  l e s s  dynamic, and t h i s  would be s u f f i c i e n t  explanat ion of  h i s  

comparative t a r d i n e s s  i n  reaper  adoption. The success  of  our  model i n  

expla in ing  t h e  adoption o f  t h e  new technique i n  Canada i n  terms of  economic 

v a r i a b l e s  c a s t s  doubt on t h i s  argument. To complete t h e  count erargument t h e  

model should be appl ied  t o  t h e  American case i n  o rde r  t o  i d e n t i f y  t h e  c r i t i c a l  

d i f f e r e n c e s  between t h e  two coun t r i e s '  experiences. 

The current  case s tudy a l s o  suggests  some con jec tu res  about t h e  

general  process of d i f f u s i o n  of  t echn ica l  change. The f i r s t  problem r a i s e d  

is semantic,  but very important. I f  t echn ica l  change i s  def ined  a s  anyth ing  



w h l l . t l  :LI t t ! ~ ' : ~  t h e  ~hapc ,  of .  t h e  isoquant  map, then  t h e  development of t h e  s e l f -  

I ' ~ L ~ C  rwLpor was c l e a r l y  t echn ica l  change. It i s ,  however, c l o s e l y  r e l a t e d  

t o  t h e  hand-rake r eape r  which preceded it and it appears  f o o l i s h  t o  t r e a t  t h e  

two u r q  c:ornpletely s epa ra t e  phenomena. One o f  ou r  f i nd ings  is  t h a t  t h i s  

~mproverncnt w a s  s i g n i f i c a n t  i n  i n c r e a s i n g  t h e  r a t e  o f  r eape r  adopt ion  and we 

know t h a t  ~t increased t h e  cap i t a l - l abour  r a t i o ,  but we have no explana t ion  

o f  why t h e  improvement occurred when it d i d ,  and t h e r e  i s  no th ing  i n  t h e  

d i f f u s i o n  l i t e r a t u r e  t o  h e l p  u s  on t h i s  point .  

Microeconomic theo ry ,  i nc lud ing  t h e  l i t e r a t u r e  on induced t e c h n i c a l  

c h u n ~ e ,  has t r a d i t i o n a l l y  emphasized t h e  r o l e  of f a c t o r  p r i c e s  i n  de te rmining  

I'riclor proport iona.  Our r e s u l t s  suggest  t h a t  t h e  c r i t i c i s m s  o f  Young and 

Kt~ldor ,  who cons ide r  t h e  s c a l e  o f  o p e r a t i o n s  t o  be more important t han  f a c t o r  

p r i c e s  l t i  p r a c t i c e ,  a r e  well-founded i n  t h i s  p a r t i c u l a r  case.  The t o o l s  o f  

thi:3 ntutly .qhould be a p p l i c a b l e  t o  o t h e r  c a s e s  of  t e c h n i c a l  change whose 

in t roduc t ion  involved a n  element of  f i x e d  c o s t ,  and it would be a u s e f u l  

exercise t o  t e s t  t h e  g e n e r a l i t y  o f  t h i s  conclus ion  about t h e  importance of  

s c a l e  cons lde ra t  ions.  

F i n a l l y ,  ou r  model provides  a s a t i s f a c t o r y  explana t ion  o f  t h e  S- 

s h a p e d  d i f f u s i o n  pa t t e rn .  The b a s i s  f o r  t h i s  explana t ion  i s  t h e  in t roduc t ion  

o f  t h e  s i z e  d i s t r i b u t i o n  o f  adopt ing  agen t s  i n t o  t h e  a n a l y s i s .  The S-shape 

would be obta ined  from many unimodal t h e o r e t i c a l  frequency func t ions .  

Lotporrnal and normal func t ions  were f i t t e d  t o  t h e  farm s i z e  d i s t r i b u t i o n  i n  

tht! present  s tudy  and t h e  lognormal produced an S-shape whose s lope  c l o s e l y  

resembled t h a t  o f  t h e  a c t u a l  d i f f u s i o n  path. Analys is  u t i l i z i n g  t h e  s i z e  

i d i n t r i b u t i o n  of adop t ing  u n i t s  sheds new l i g h t  on t h e  d i f f u s i o n  process  and, 
1 

I i n  view of' the  f a c t  t h a t  f i r m s  i n  many i n d u s t r i e s  a r e  lognormally d i s t r i b u t e d ,  

t h i s  methud o f  a n a l y s i s  has  p o t e n t i a l l y  wide a p p l i c a b i l i t y .  



APPENDIX f 

THE DETERMINATION OF THE AGRICLLTURUL HAGE RATE 

I n  ou r  model we assume t h a t  t h e  a g r i c u l t u r a l  wage r a t e  i s  determined 

exo~cnoua ly .  In  t h i s  appendix we w i l l  o f f e r  two poss ib l e  r a t i o n a l i s a t i o n s  

o f  t h i s  assumption. The f i r s t  o f  t h e s e  is based on t h e  model used by Chambers 

and Cordon t o  ana lyse  a l a t e r  per iod  i n  Canadian development, whi le  f o r  t h e  

second we look at t h e  poss ib l e  e x i s t e n c e  of  an  i n t e g r a t e d  North American 

labour  market. 

I n  i t s  s imples t  form t h e  Chambers-Gordon model has  two s e c t o r s ,  

gadgets  and a g r i c u l t u r e ,  i n  each o f  which t h e  wage r a t e  is equated t o  t h e  

marginal value product. I f  t h e r e  a r e  cons tan t  r e t u r n s  i n  gadgets  (MPP = a L 

c o n s t a n t )  and t h e  p r i c e  o f  gadgets  i s  determined by t h e  world gadget p r i c e  

( ad jus t ed  f o r  t a r i f f s  and t r a n s p o r t  c o s t s ) ,  t hen  t h e  demand f o r  gadget l abour  

is  infinitely e l a s t i c  at a wage r a t e  equal  t o  t h e  f i x e d  p r i c e  m u l t i p l i e d  by 

t h e  MPP,. Assuming l abour  mob i l i t y ,  t h i s  wage rate w i l l  a l sc  gbtair: i n  a3i- 
" 

c u l t u r e .  The a g r i c u l t u r a l  MPP curve i s  nega t ive ly  s loped,  because o f  diminish- L 

 in^ r e t u r n s  t o  l and ,  and 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  is de te r -  

mined by tho  MVP = w i n t e r s e c t i o n .  Labour i n  gadgets  i s  t h e  r e s t  o f  t h e  

labour  fo rce  w i l l i n g  t o  work f o r  wage w. 

Thus t h e  gadget s e c t o r  de te rmines  t h e  a g r i c u l t u r a l  wage r a t e  u n l e s s  

labour produc t iv i ty  i n  a g r i c u l t u r e  becomes so g r e a t  t h a t  t h e  gadget s e c t o r  

d i sappea r s  completely.  For  a n  indus t ry  t o  q u a l i f y  as p a r t  o f  t h e  gadget 

s e c t o r  ( i .e .  having i n f i n i t e l y  e l a s t i c  demand f o r  l abour )  it must have t h e  

fo l lowing  a t t r i b u t e s : -  

1 .  t h e  p r i c e  o f  t h e  f i n a l  product is f i x e d  e x t e r n a l l y ,  

2. t h e  supply o f  o t h e r  i n p u t s  i s  p e r f e c t l y  e l a s t i c  t o  t h e  indus t ry ,  

3 t h e r e  a r e  cons tan t  r e t u r n s  t o  s ca l e .  

The last point  w i l l  be ignored because it is hard t o  prove o r  disprove.  



Potioible cand ida t e s  f o r  an 1870 gadget s e c t o r  a r e  l i s t e d  i n  Table 

A I .  ' l ' heorc? t ica l ly  there  i s  no minimum s i z e  f o r  such an indus t ry ,  but we have 

uxclutlctl norno mall  i n d u s t r i e s  (o f  l e s s  than  5OO workers) on t h e  grounds t h a t  

t hay m a y  n o t  be i n t e g r a l  p a r t s  o f  t h e  n a t i o n a l  labour  market. 

Table A I .  Poss ib l e  gadget i n d u s t r i e s  i n  1870 

Labour Force Domestic Output Imports 

l r o n  & s t e e l  p roducts  10,632 
S o w ~ n #  machines 966 1 87.  l m .  

) t14.6m. 

A ~ r i c u l  t u r a l  implements 2,546 Negl ig ib le  
'Fsx t i les  2,214 
Clo th ing  16,830 

t22.6m. 
$1 9.7m. 

Boots & shoes 18,719 $16.lm. Ind i s t i ngu i shab le  
Ca r r i ages  & wagons Negl ig ib le  
Ma1 t  1 iquora $ 2.lm. Ind i s t i ngu i shab le  

Source: 1U'/1 Census o f  Canada and K o h l *  Taylor  & H a  Michell: " S t a t i s t i c a l  
Con t r ibu t ions  t o  Canadian Economic Hi s to ry  vol .  II'@ 

Of t h e s e  cand ida t e s ,  it appea r s  t h a t  a g r i c u l t u r a l  implements and 

c a r r l a # e s  and wagons a r e  i n e l i g i b l e  because t h e i r  p r i c e  is not regula ted  by 

c o m p e t i n ~  imports;  t h i s  would presumably be a r e s u l t  o f  s i g n i f i c a n t  n a t u r a l  

p ro t ec t ion  f o r  bulk products.  Imports  o f  boots  and shoes and malt l i q u o r s  

a r e  not given s e p a r a t e l y  i n  T a y l o r ' s  summary o f  imports ,  but i n  both c a s e s  

t h e r e  l o  some query because t h e  products  r e l y  on a g r i c u l t u r a l  inputs .  The 

r e a l  ques t ion  he re ,  however, i s  how s i g n i f i c a n t  t h e s e  demands a r e  i n  r e l a t i o n  

t o  a g r i c u l t u r a l  ou tpu t ,  i.e. would a change i n  boot and shoe output  a f f e c t  

n ~ r i c u l t u r a l  p r i ce s?  

Even i f  t h e s e  a r e  excluded we a r e  s t i l l  l e f t  wi th  i r o n  and s t e e l  

products  ( i nc lud ing  sewing machines) and t e x t i l e s  and c l o t h i n g  as poss ib l e  

members o f  t h e  gadget s ec to r .  I see  no unanswerable c r i t i c i s m  of t h i s ,  

a l though two p o s s i b l e  grounds f o r  doubt e x i s t .  F i r s t l y ,  they  a r e  both r a t h e r  



het erogenous groups and the  categor ies  produced domestically may not be the  

aame as t h 2 z e  S I C  imported. Secondly, tne re  is the  question of s i z e ;  

is  it r e a l i s t i c  t o  expect a sec tor  with 30,000 workers t o  determine t h e  wage 

r a t e  throughout an economy with a labour force of over a million? 

A s  an a l t e rna t i ve  t o  t h e  ag r i cu l t u r a l  wage r a t e  being determined i n  

a competing domestic sec tor ,  we can a l so  consider t h e  pos s ib i l i t y  of it being 

determined i n  t h e  same sec tor  i n  a competing country. I n  t h e  absence of 

migration controls ,  we should perhaps t r e a t  t he  North American labour market 

a s  a s ing le  en t i t y ,  and c l ea r ly  t h i s  market w i l l  be dominated by t he  U.S.A. 

Thus the  Canadian farmer wishing t o  employ harvest labour w i l l  be constrained 

by t h e  U.S. wage r a t e  (ad jueted by some d i f f e r e n t i a l  r e f l e c t i n g  removal 

costs) .  A v  inorease i n  t h e  excess supply of labour, eg. because of increased 

immigration, w i l l  not r e s u l t  i n  lower wages, but w i l l  be balanced by increased 

emigration t o  t h e  U.S.A. 

The major problem i n  t e s t i n g  t h i s  second theory is t h e  choice of time 

horizon. In  t h e  short-run (eg. within one harvest season) the re  was not even 

a f u l l y  in tegrated Canadian market; wages varied between counties because of 

imperfect labour mobility. On t h e  o ther  hand, i f  t he  l o n e r u n  is long enough 

some kind of North American equilibrium appears inevitable.  The question is: 

how f a s t  was a new equilibrium reaohed a f t e r  a disequil ibrium appeared? Was 

it su f f i c i en t l y  f a s t  t o  make t h i s  assumption accord with our ten-year time 

periods? 

Thue t h e  c ruc ia l  question is  t h e  degree of in tegra t ion  of nat ional  

and cont inenta l  labour markets (even t he  Chambers-Cordon model requ i res  labour 

mobility within t he  regional  market). It would be des i rab le  i f  we could con- 

duct some empirical t e s t  of t h i s ,  eg. us ing spec t r a l  ana lys i s  i n  a similar 

way t o  t he  Granger-Elliot study of  English wheat market s. Unfortunately, 



however, the  Ontario wage data of t h i s  period are  too  scat tered t o  provide 

much conTiaerlce i n  tne  successful  appl icat ion  of such techniques.  Thus t h e  

acceptance o f  e i t h e r  o f  these  t h e o r i e s  of  an exogenous agr i cu l tura l  w w  is 

a matter for debate,  where the  central  quest ion i s  were t h e s e  labour markets 

"suf f i c i en t ly"  we l l  integrated? 



APPENDIX 2 

ESTIMATED NUMBER OF REAPERS USING 

A SYMMETRICAL FARM SIZE DISTRIBUTION 

I n  t h e  last sect  ion of chapter 6 David's impl ic i t  assumption t h a t  

t h e  farm s i z e  d i s t r i bu t i on  was symmetrical was c r i t i c i z e d  because it could 

lead t o  incorrect  r e s u l t s  as t o  the  r e l a t i v e  importance of t he  causal factors .  

Here we w i l l  t e s t  whether using a symmetrical d i s t r i bu t i on  a l t e r s  t h e  con- 

c lus ions  which we obtained fo r  Ontario from a non-symmetrical d i s t r ibu t ion .  

The assumption is  made t ha t  small grain  acreage per farm w a s  

normally d i s t r ibu ted ,  The mean of t h i s  d i s t r i bu t i on ,  /Ux, i s  known f o r  each 

year  from Table IX. The standard deviation was chosen which gave an accurate 

prediction of  t he  number of  reapers i n  1870, The choice of  standard devia t ion 

should not a f f ec t  our conclusions, although t h i s  pa r t i cu l a r  choice is t h e  one 

most sympathetic t o  t h e  view tha t  use of a normal d i s t r i bu t i on  could produce 

reasonable r e su l t s .  The est imates obtained from the  normal d i s t r i bu t i on  a r e  

glven i n  Table A I I .  

Table A I I .  Simulated values of R* using a normal d i s t r i bu t i on  with constant 

standard deviat  ion. 



The normal d i s t r i b u t i o n  g ives  an S-shaped d i f f u s i o n  path,  but a 

very s ~ e e p  one, i r e ,  r eape r s  a r e  not present i n  Ontario i n  1850 but a r e  

adopted very r a p i d l y  i n  t h e  18608. The 1850 and 1860 values  o f  R* a r e  t o o  

low t o  be reasonable,  hut t h i s  may just  r e f l e c t  use of  t h e  wrong \ f o r  t h e s e  

years .  More important is t h e  way i n  which changes i n  f a c t o r  p r i c e s  now 

appear  more important than changes i n  average farm s i z e ,  This  is  e s p e c i a l l y  so  

when t h e  hypothet ica l  e s t ima tes  i n  c e l l s  3.2 and 2.3 o f  Table A11 a r e  com- 

pared. Thus t h e  statement made i n  chapter  6 t h a t  i m p l i c i t  assumption o f  a 

ayrnmetrical d i s t r i b u t i o n  l e a d s  t o  exaggerat ion o f  t h e  importance o f  changes 

i n  f a c t o r  p r i c e s  vie-&-via changes i n  farm s i z e  i s  supported i n  t h e  Ontar io  

Case. 
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