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FOREWORD 

D e c l i n i n g  r a t e s  o f  n a t i o n a l  p o p u l a t i o n  g r o w t h ,  c o n t i n u i n g  
d i f f e r e n t i a l  l e v e l s  o f  r e g i o n a l  economic a c t i v i t y ,  and s h i f t s  
i n  t h e  m i g r a t i o n  p a t t e r n s  o f  p e o p l e  and j o b s  a r e  c h a r a c t e r i s t i c  
e m p i r i c a l  a s p e c t s  o f  many d e v e l o p e d  c o u n t r i e s .  I n  some r e g i o n s  
t h e y  have combined t o  b r i n g  a b o u t  r e l a t i v e  ( a n d  i n  some c a s e s  
a b s o l u t e )  p o p u l a t i o n  d e c l i n e  o f  h i g h l y  u r b a n i z e d  a r e a s ;  i n  
o t h e r s  t h e y  h a v e  b r o u g h t  a b o u t  r a p i d  m e t r o p o l i t a n  g rowth .  

The o b j e c t i v e  o f  t h e  Urban Change Task i n  I IASA's  Human 
S e t t l e m e n t s  and  S e r v i c e s  Area  i s  t o  b r i n g  t o g e t h e r  and  s y n t h e s i z e  
a v a i l a b l e  e m p i r i c a l  and t h e o r e t i c a l  i n f o r m a t i o n  on  t h e  p r i n c i p a l  
d e t e r m i n a n t s  and  consequences  o f  s u c h  u r b a n  g rowth  and  d e c l i n e .  

T h i s  p a p e r  d e v e l o p s  a  comple t e  and p r e c i s e  methdology  f o r  
f i t t i n g  A l o n s o ' s  t h e o r y  o f  movement t o  a c t u a l  d a t a  se ts .  From 
t h e  v i e w p o i n t  o f  t h e  Urban Change Task ,  t h e  a p p l i c a t i o n  o f  
t h i s  methodology  t o  t h e  a n a l y s i s  o f  i n t e r r e g i o n a l  m i g r a t i o n  
e n a b l e s  one  t o  form a  c l e a r e r  p i c t u r e  o f  t h e  d e t e r m i n a n t s  o f  
m i g r a t i o n ,  o n e  which e x p l i c i t l y  a c c o u n t s  f o r  i m p a c t s  o f  a l t e r -  
n a t i v e  o r i g i n s  and  d e s t i n a t i o n s  on p l a c e - t o - p l a c e  m i g r a t i o n  f l o w s .  

A l i s t  o f  p u b l i c a t i o n s  i n  t h e  Urban Change S e r i e s  a p p e a r s  
a t  t h e  end o f  t h i s  p a p e r .  

Andre i  Rogers  
Chairman 
Human S e t t l e m e n t s  
and  S e r v i c e s  Area 



ABSTRACT 

First, it is shown that Alonso's general theory of move- 
ment relies on a standard doubly-constrained spatial inter- 
action model which subsumes the usual gravity and entropy- 
derived formulations. Such a finding then suggests the use of 
a biproportional adjustment method (RAS method) to adequately 
estimate the systemic variables specified in the underlying 
model. This eventually leads to the development of a complete 
and precise methodology for calibrating the Alonso model. 
This methodology is illustrated with the help of an application 
to data on interprovincial migration in Canada. 
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CALIBRATING ALONSO'S GENERAL THEORY 
OF MOVEMENT: THE CASE OF INTER- 
PROVINCIAL MIGRATION FLOWS I N  
CANADA 

INTRODUCTION 

I n  t h e  l a s t  d e c a d e ,  Wil l iam Alonso h a s ,  i n  s u c c e s s i v e  

e f f o r t s ,  deve loped  a  g e n e r a l  framework f o r  t h e  a n a l y s i s  o f  

movement (Alonso 1973,  1975,  1976, 1 9 7 8 ) .  Owing t o  i t s  l o g i c a l  

c o n s i s t e n c y  a s  w e l l  a s  t o  i t s  e l e g a n t  p r e s e n t a t i o n ,  A l o n s o ' s  

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

among whom it i s  nowadays v e r y  p o p u l a r .  1 

T h i s  t h e o r y  i s  g e n e r a l l y  h e l d  t o  be a  common l o g i c a l  and 

m a t h e m a t i c a l  framework f o r  t h e  l a r g e  number o f  models o f  move- 

ment p roposed  i n  t h e  p a s t  few decades  i n  t h e  s o c i a l  s c i e n c e s  

and r e l a t e d  a r e a s .  However, t h e  view o f  A l o n s o ' s  t h e o r y  a s  a  

more g e n e r a l  framework f o r  t h i n k i n g  a b o u t  t h e  d i v e r s e  e x i s t i n g  

models o v e r s t a t e s  somewhat i t s  r e a l  wor th .  A s  shown i n  t h i s  

p a p e r ,  A l o n s o ' s  t h e o r y  s imply  re l ies  on a  s t a n d a r d  doubly-  

c o n s t r a i n e d  s p a t i a l  i n t e r a c t i o n  model.  



Nevertheless, the peculiarity of its formulation, namely, 

the consideration of place-to-place flows along with that of 

the total flows out of and into each place in a simultaneous 

and consistent way, represents a significant contribution to 

the modeling of mobility phenomena. More specifically, owing 

to its inclusion of variables and parameters reflecting the 

impact of the system (i.e., the influence of alternative places) 

on place-to-place flows, Alonso's theory constitutes a potential 

tool for gaining insights into the interaction of mutually 

exclusive places (groups) which could not be obtained otherwise. 

But, in spite of the general discussion generated by this 

theory (Anselin and Isard 1978, Cziewonski 1979), little 

progress has been made toward its practical use. 

The problem here is mainly one of having a reliable 

methodology for fitting the model underpinning Alonso's theory 

to actual data sets. To our knowledge, the only calibration 

attempt to date was carried out by Alonso himself in his first 

publication (Alonso 1973). However, the methodology he used was 

seriously hampered by difficulties originating from the simul- 

taneous measurement of the two mutually dependent systemic 

variables appearing in the model (Alonso 1973, Appendix A, 

p. 100). 

Fortunately, the observation made in this paper that 

Alonso's theory is centered around a well-known spatial inter- 

action model suggests a more precise method for measuring the 

aforemzntioned systemic variables. This eventually leads to 

the development of a satisfactory methodology for estimating 

the parameters intervening in the specification of the under- 

lying model. An application to the case of interprovincial 

migration in Canada is provided to illustrate the methodology 

proposed. 

This paper consists of seven sections. Section One, 

intended as a background section, presents a rapid overview 

of Alonso's theory. Some of the issues which its formulation 

raises are briefly discussed in Section Two. Then, Section 

Three justifies the identification of the underlying model 



with a standard doubly constrained model of spatial inter- 

action. This leads to the development of appropriate method- 

ologies for calibrating the Alonso model (Section Four) as 

well as for utilizing it as a forecasting model (Section Five). 

Finally, Sections Six and Seven report on the application of 

the proposed calibration method to the case of Canadian 

interprovincial migration: Section Six focuses on the measure- 

ment of ~lonso's systemic variables, whereas Section Seven 

deals with the estimation of the two main parameters involved 

in Alonso's theory. Note that the latter relies on a regression 

analysis of migration flows whose results are compared with 

those of a more classical regression analysis. 

I. ALONSO'S THEORY OF MOVEMENT: AN OVERVIEW 

The strength of Alonso's theory which, for a large part 

explains its appeal, is its circular nature which makes alter- 

native expositions possible. Alonso himself has provided 

various versions of his theory (Alonso 1973, 1975, 1976, 1978) 

whereas Anselin and Isard (1978) have proposed yet another 

formulation. Our exposition below is broadly similar to the 

variant proposed by Alonso in his latest effort (Alonso 1978). 

In brief, Alonso's theory of movement pertains to a closed 

system of mutually exclusive classes (regions in a nation, 

sectors in an economy, etc.) consisting of units (people, 

commodities, etc.) which can move to another group. It is 

concerned with building a mathematical framework for the flow 

of the units moving between the various, for example n, classes 

in the system. 

Each class can be regarded as an origin as well as a 

destination. When considered as an origin, it has unfavorable 

characteristics--summarized in a general measure vi (i = I,..., 

n)--which induce units to leave. Alternatively, when considered 

as a destination, it has favorable characteristics--summarized 

in a general measure w ( j  = 1 ,  . . . ,  n)--~hich attract units. 
j 



Central to Alonso's theory of movement is the idea that 

place-to-place flows are not only determined by the unfavorable 

characteristics of the origin and the favorable characteristics 

of the destination but are also affected by the characteristics 

of the alternative origins and destinations. In brief, the 

impact exerted by the system is assumed to be accounted for 

by two variables, the pull-in Di it exerts on each origin i 

and the push-out C it exerts on the flows terminating in j .  2 
j 

The former may be thought of as a demand or a draw--hence the 

notation D--and the latter as a measure of competition, crowding, 

or congestion--hence the notation C. 

First, let us consider the total flows out of each gfoup. 

We may, for example, assume that movements out of class i are 

proportional to the unfavorable characteristics of class i and 

depend on the pull-in of the system Di with a rate of response 

a i ' Thus 

Similarly, we may assume that movements into class j are 

proportional to the favorable characteristics of class j and 

depend on the push-out of the system C with a rate of response 
j 

B j .  Thus 

Further, departing slightly from Alonso's exposition, let 

us consider the flow of units M moving from a particular i j 
class i to a particular class j. In accordance with a widely 

accepted theory of migration in which place-to-place flows 

depend on factors associated with the areas of origin and 



d e s t i n a t i o n  a s  w e l l  a s  w i t h  i n t e r v e n i n g  o b s t a c l e s  (Lee 1 9 6 6 ) ,  

l e t  us  p o s i t  t h a t  M i j  i s  p r o p o r t i o n a l  t o :  

- The measure vi o f  t h e  u n a t t r a c t i v e  p r o p e r t i e s  o f  c l a s s  

i ,  weigh ted  by t h e  e a s e  of  movement o u t  o f  i [ i . e . ,  

ai- I )  
Di 

- The measure w o f  t h e  a t t r a c t i v e  p r o p e r t i e s  o f  c l a s s  
j 

j , weigh ted  by t h e  e a s e  o f  e n t r y  i n t o  j (i .e. , C ' j -1 )  

- A r e l a t i o n a l  t e r m  t i j  r e f l e c t i n g  t h e  e f f e c t  o f  d i s t a n c e  

between i and  j 

Thus 

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

t h e  s y s t e m  on t h e  a l t e r n a t i v e  c l a s s e s ,  i . e . ,  t h e  f o r m a l  d e f i n i t i o n  

o f  t h e  p u l l - i n  Di and t h e  push-out  C . T h i s  comes n a t u r a l l y  
j 

from e n s u r i n g  a  c e r t a i n  c o n s i s t e n c y  between t h e  p l a c e - t o - p l a c e  

f low e q u a t i o n s  ( 3 )  and t h e  t o t a l  f low eqna t5ons  ( 1 ) and ( 2 )  . 
From e q u a t i o n s  ( 3 ) ,  i t  i s  e a s y  t o  d e r i v e  t h e  t o t a l  f low o f  

m i g r a n t s  o u t  of and i n t o  e a c h  c l a s s  by zumrning o v e r  a l l  p o s s i b l e  

d e s t i n a t i o n s  

and o r i g i n s  

r e s p e c t i v e l y .  

W e  immedia te ly  o b t a i n  t h a t  



and 

Then, comparing the above formulas with (1 ) and (2) , yields 

and 

two formulas which indicate that the competition variable is 

part of the formula defining the draw variable and vice versa: 

they are implicit functions of each other and thus require 

simultaneous calculation. 

Moreover, formula (6) shows that the draw variable Di is 

a weighted sum of the attractive characteristics w of all the 
j 

other rlasses in the system, where the weights applied to any 

w express the influences of distance (tij) and competition 
j 

Similarly, formula (7) shows that the competition variable 

C is a weighted sum of the unfavorable characteristics vi of 
j 

all the other classes in the system where the weights applied 

to any vi express the influences of both distance (tij) and 
m, u 

ease of exit (D i- 1 
i 1 .  

Nbw, summarizing the above presentation of Alonso's theory, 

it appears that its underlying model consists of five equations, 



two o f  which-- ( 4 )  and  ( 5 )  --are ,  i d e n t i t i e s .  The r e m a i n i n g  

e q u a t i o n s  c a n  be :  

E q u a t i o n s  ( 1 )  and  ( 2 )  o r ,  a l t e r n a t i v e l y ,  ( 6 )  and ( 7 )  

E q u a t i o n  ( 3 )  o r  any e q u i v a l e n t  e q u a t i o n  d e s c r i b i n g  t h e  

p l a c e - t o - p l a c e  f l o w s  

T h i s  r e s u l t  i n d e e d  makes t h e  c i r c u l a r i t y  and i n v o l u t i o n  

o f  A l o n s o ' s  t h e o r y  q u i t e  c l e a r .  For  example one c o u l d  s t a r t  

w i t h  t h e  d e f i n i t i o n s  o f  t h e  s y s t e m i c  v a r i a b l e s  Di and  C [see 
j 

A n s e l i n  and I s a r d  (1978)  who p r o v i d e  a  good . a  p r i o r i  j u s t i f i c a -  

t i o n  o f  e q u a t i o n s  ( 6 )  and  ( 7 )  1 . Then, one  would d e r i v e  (1  ) 

and ( 2 )  by s u b s t i t u t i n g  ( 6 )  and ( 7 )  w i t h  t h e  t o t a l  f l o w  

e q u a t i o n s  o b t a i n e d  by summing o v e r  a l l  p o s s i b l e  d e s t i n a t i o n s  

and o r i g i n s .  

11. ISSUES 

I n  b road  t e r m s ,  A l o n s o ' s  g e n e r a l  t h e o r y  o f  movement r a i s e s  

two t y p e s  o f  i s s u e s .  The f i r s t  t y p e  r e l a t e s  t o  t h e  s p e c i f i c a -  

t i o n  o f  t h e  e q u a t i o n s  which u n d e r l i e  t h e  t h e o r y , . w h e r e a s  t h e  

second t y p e  r e f e r s  t o  t h e  n a t u r e  of  t h e  f l o w s  w i t h  which t h e  

t h e o r y  i s  c o n c e r n e d .  

With r e g a r d  t o  t h e  s p e c i f i c a t i o n  o f  t h e  e q u a t i o n s  under-  

l y i n g  t h e  t h e o r y ,  two q u e s t i o n s  come t o  mind: 

( a )  Do e q u a t i o n s  ( 1 )  t h r o u g h  ( 3 )  r e q u i r e  t h e  p r e s e n c e  

o f  a  c o n s t a n t  t e r m  as  s u g g e s t e d  by A n s e l i n  and I s a r d  

( 1 9 7 8 ) ?  The answer t o  t h i s  q u e s t i o n  i s  n e g a t i v e ,  

s i n c e  s u c h  c o n s t a n t  t e r m s  c a n  be  i n c o r p o r a t e d  i n  t h e  

d e f i n i t i o n  o f  t h e  s y s t e m i c  v a r i a b l e s  Di and  C 
1.  

( b )  Is t h e  c h o i c e  o f  t h e  e x p o n e n t s  a i - l  
and $1-1 

when a p p l i e d  

t o  t h e  draw and c o m p e t i t i o n  t e r m s  i n  e q u a t i o n  ( 3 )  

r e s t r i c t i v e ?  The answer t o  t h i s  i s  a g a i n  n e g a t i v e ,  

f o r  t h e  c h o i c e  o f  more g e n e r a l  e x p o n e n t s  ai-xi and  

B. -y .  does  n o t  f u n d a m e n t a l l y  a f f e c t  t h e  model.  T h i s  
3 3  

c a n  be s e e n  a s  f o l l o w s .  Summing t h e  p l a c e - t o - p l a c e  

f l o w s  o v e r  a l l  o r i g i n s  and d e s t i n a t i o n s  l e a d s  t o :  



and 

Then, r e d e f i n i n g  t h e  draw and compet i t ion  v a r i a b l e s  a s  

X 
i 

D i  = D~ and C '  = C 
j j 

and d e f i n i n g  t h e  fo l lowing  exponents 

a i a !  = - 
1 X .  

and 
1 

l e a d s  t o  an unchanged model: v a r i a b l e s  and parameters  w i th  

a  prime s i g n  a r e  s imply s u b s t i t u t e d  f o r  t h e  o r i g i n a l  ones .  

Turning now t o  t h e  i s s u e  r e l a t i n g  t o  t h e  n a t u r e  of t h e  

f lows w i t h  which t h e  t heo ry  i s  concerned,  w e  must f i r s t  under- 

l i n e  t h a t  we have purpose ly  avoided t h e  use  of t h e  word move- 

ments t o  c h a r a c t e r i z e  t h e  f lows t a k i n g  p l a c e  between t h e  v a r i o u s  

c l a s s e s  ( o r  g roups)  . 
A s  i s  w e l l  known, changes o c c u r r i n g  over  a  f i n i t e  

p e r i o d  of t i m e  i n  a  system of mutual ly  e x c l u s i v e  groups can be 

observed from two d i f f e r e n t  p e r s p e c t i v e s .  One p e r s p e c t i v e  

looks  a t  a l l  t h e  movements made between each p a i r  of  groups 

du r ing  t h e  o b s e r v a t i o n  p e r i o d  ( r e g a r d l e s s  of t h e  group i n  which 

t h e  "mig ra to r s "  were p r e s e n t  a t  t h e  beg inn ing  of t h e  observa-  

t i o n  p e r i o d ) .  The a l t e r n a t i v e  p e r s p e c t i v e  simply c o n s i d e r s  t h e  

pa i rwi se  t r a n s i t i o n s  r e s u l t i n g  from t h e  comparison of t h e  

groups i n  which t h e  v a r i o u s  u n i t s  i n  t h e  system a r e  p r e s e n t  

a t  t h e  beg inn ing  and end of t h e  o b s e r v a t i o n  p e r i o d s .  These two 



perspectives, known as the movement and transition approaches 

(Ledent 1979), are indeed different in nature and have different 

implications. 

Which conceptualization of intergroup transfers had 

Alonso in mind when devising his theory? Various indications 

scattered in his papers--mainly the reference to stayers' flows 

as well as the consideration of the Markov model of migration 

as a particular case of the general theory--suggests that 

Alonso's thoughts are more in line with the transition 

perspective than the movement approach. 

However, a focus on transitions is rather limiting because 

it implies an incomplete view of the exchanges occurring 

between the alternative classes. Fundamentally, the transition 

perspective reflects a consolidated view of the movement 

perspective. Hence it ignores the multiple moves that each 

individual may have made during the observation period, retaining 

only the apparent moves out of or within each class observed 

between the start and end of the observation period. 

It thus follows that the most complete picture of a spatial 

interaction system is the one which would be obtained by con- 

sidering the whole of the movements made between alternative 

classes. As a corollary, the image which would be drawn from 

the sole consideration of the transitions made between two 

points in time would be less meaningful since it would rely 

on reduced information. 

Nevertheless, Alonso's theory subsumes both the movement 

and transition perspectives because the choice of either 

approach does not raise any theoretical problem. The only 

consequence of adopting the transition perspective instead of 

the movement perspective appears to be the consideration versus 

the non-consideration of flows Mii of stayers: stayers' flows 

are indeed irrelevant to the movement perspective. 



Note that the inclusion of such flows in most applica- 

tions based on data consistent with the transition approach 

is likely to blur the picture of spatial interaction taking 

place in the system at hand. The fact that the flows of stayers 

Mii are generally much higher than the migraticn flows Mij 

(j # i) heavily influences the values of the systemic variables 
D~ and c it is thus better to ignore the flows of stayers. 

Consequently, the Alonso model will be fitted to actual 

data--regardless of whether they are data on movements or 

transitions--without consideration of such elements as Mii. 

In practice, there is little choice as to whether one will use 

movement or transition data. Only in the case of migration, 

is a choice theoretically possible since data in the.form of 

movements can be obtained from population registers and data 

in the form of transitions can be obtained from population 

censuses. 

111. THE ALONSO MODEL AS A STANDARD DOUBLY-CONSTW.INED MODEL 
OF SPATIAL INTERACTION 

By combining equations ( 1 ) , ( 2 )  , and (3) , it is readily 
established that 

an equztion which shows that Alonso's theory of movement relies 

on a standard dcubly-constrained model of spatial interaction. 

In addition, the draw and competition measures, Di and C 
j 

appear to be the reciprocals of the balancing factors of this 

doubly-constrained model. We have that 

and 



The l a t t e r  r e s u l t  i s  germane t o  t h e  o b s e r v a t i o n  made by 

Ki rby  (1970)  t h a t  t h e  b a l a n c i n g  f a c t o r s  o f  a d o u b l y  c o n s t r a i n e d  

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

s p e c i f i e d  i n  ( 8 )  can  be  i n t e r p r e t e d  as a measu re  o f  t h e  acces- 

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

c l a s s  w i t h  r e s p e c t  t o  o t h e r  c l a s s e s .  

Note t h a t  t h e  d o u b l y - c o n s t r a i n e d  model o f  s p a t i a l  i n t e r -  

a c t i o n  s u g g e s t e d  by ( 8 )  subsumes t h e  c l a ss ica l  models  i n  

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

c o n s t r a i n e d  mode l s ,  see Wilson  (1974)  o r  Nijkamp ( 1 9 7 9 ) . ]  

F o r  example ,  a s suming  t h a t  t i j  i s  a s i m p l e  f u n c t i o n  o f  t h e  

f r i c t i o n  measure  d i j  r e l a t i n g  t o  o r i g i n  i and d e s t i n a t i o n  j ,  

w e  see t h a t  

-h 
I f  t i j  = d i j  ( h  > 0 ) .  A l o n s o ' s  t h e o r y  o f  movement 

re l ies  on a g e n e r a l i z e d  f o r m u l a t i o n  o f  t h e  t r a d i t i o n a l  

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

destination 

I f  t i j  = e x p  (-hdi ) ( h  ' 0 )  , A l o n s o ' s  t h e c r y  o f  move- 

ment r e l i es  on a  d o u b l y - c o n s t r a i n e d  e n t r o p y - d e r i v e d  

model 

I V .  A METHODOLOGY FOR C A L I B R A T I N G  THE ALONSO MODEL 

The o b s e r v a t i o n  i n  S e c t i o n  Three  t h a t  A l o n s o ' s  t h e o r y  o f  

mover.znt re l ies  on a s t a n d a r d  d o u b l y - c o n s t r a i n e d  model o f  

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

f o r  c a l i b r a t i n g  t h e  u n d e r l y i n g  model .  



Clearly, on the basis of information known about t ijt Mi 

and M the draw and competition measures Di and C can be . j f  j 
assessed by solving the system of equations defined by (9) and 

(10). Actually, finding the solution to this system is nothing 

else than solving the following biproportional adjustment prob- 

lem (sometimes referred to as the R.A.S. problem): find the 

matrix M = (M..) of place-to-place flows which has row and 
.w 1 7  

column totals equal to the observed out- and inmigration flows 

respectively and which is biproportional to the matrix of 

relational terms T = (t. . ) . 
.w 1 7  

As already noted above, Di and C are simply the recip-, 
j 

rocals of the balancing factors resulting from this adjust- 

ment problem. (Note that they are defined up to a constant 

multiplicative factor.) In practice, they can be obtained 

in a recursive manner using a method originally proposed by 

Stone (1962), but alternative algorithms are possible (for 

a review of these algorithms, see Willekens 1979). 

Note that the feasibility of the above procedure rests 

on the availability of the T matrix. Since the values of the 
.w 

relational terms are generally unknown, only the calibration 

of particular versions of (8)--such as the gravity model (11) 

or the entropy-derived model (12)--allows for the estimation 

of the draw and competition measures. At the same time 
P. 

this yields the value h of the h-coefficient appearing in , 

the expression of the relational term tij in terms of dij. 

Various calibration techniques for these models have 

been proposed in numerous papers. (For a study in depth of 

these techniques, see for example Batty and Mackie 1972, or 

Openshaw 1976.) Broadly speaking, these methods can be 

classified into two groups. The first group consists of 

methods in which the observed parts of the constraints determine 

the parameters, regardless of the actual fit of the mcdel to 

the observed pattern of place-to-place flows. They include 

maximu?-likelihood and entropy-maximizing methods which, if 

it is assumed that the sampling distribution is multivariate 

normal, are equivalent. 



BY contrast, the methods of the second group attempt to 

maximize model performance (i.e., yield a predicted value of 

the place-to-place flow matrix M as close as possible to its - 
observed value). These methods include 

(a) A nonlinear, least squares method which seeks to 

minimize the sum of squares of the differences between 

the observed and predicted flow patterns (This method 

does not suppose any assumption about the form of 

the sampling distribution.) 

A 

min ss = L 1 ( M ~ ~  - Mij) 2 
. . . - 

where Mij is the predicted value of the flow between 

i and j 

(b) A method which attempts to minimize the following 

chi-square statistic (This method assumes that the 

observed flow matrix is subject to sampling errors.) 

In practice, if the data available relate only to the 

total flows out of or into each class, the maximum likelihood/ 

entropy-maximizing mzthod will be used. For its implementation, 

one will, for example, use the algorithm proposed by Hyman (1969), 

which Vermot-Desroches (1979) describes as being very efficient. 

In case the data available consist of the matrix of place- 

to-place flows, one can, if time and resources permit, perform 

the various calibration methods mentioned above and select the 

one which offers the best model performance on the basis of 

both the least-squares and chi-square criteria. But, in 

general, lack of resources may lead one to select a single 

method. 



Of course, the calibration of the Alonso model does not 

stop with the estimation of the draw and competition variables. 

The next step is the estimation of the exponents ai and B 
j 

of the draw and competition variables in equations (1) and ( 2 ) ,  

respectively. First of all, this raises the problem whether 

these two exponents are identical within the system or whether 

they may vary from one place to another. Following Dziewonski 

(1979) who argues that, in countries which are strongly 

integrated both socially and economically, the same exponents 

can apply to all places, we thus assume 

and 

Second, the feasibility of estimating a and B requires the 

knowledge of the internal structure of vi and w 
1. 

Recalling 

that the variables vi and w are composite variables which 
j 

reflect the unfavorable characteristics of place i and the 

attractive characteristics of place j, we may write: 

and 



where Xk is the value of the k-th unfavorable characteristic 

place i 

the elasticity or movement response of group i 

changes in the value of k-th characteristic 3 

the value of the 1-th favorable characteristic 

place j 

the elasticity or movement response of group i 

changes in the value of the 1-th characteristic. 
3 

Then, the values of the a and fj exponents--as well as the 

values of the various elasticities ukand vl-- ould be found 

by performing the following regression analyses in double 

logarithmic form: 

and 

Note that the presence of constant terms u and vo in (13) 0 
and (14) respectively--which normally are not called for by 

the specification of equations (1) and (2)--is necessitated by 

the fact that Di and C are measured up to a constant multi- 
j 

plicative factor. 

In practice, the feasibility of performing the regression 

analyses based on equations ( 13) and ( 1.4) might be hampered 

by a low value of the number of degrees of freedom due, for 

example, to the consideration of a limited number of places 

and of a large number of independent variables. Alter- 

natively, if the matrix of place-to-place flows is available, 

one can reasonably expect to find the values of the sl and 3 

parameters by performing a regression analysis based on the 

single equation (3) rather than equations (1 ) and (2) . In such 
circumstances, one would fit to the available set of data the 

following equation: 



where w i s  t h e  c o n s t a n t  t e r m  and h '  t h e  d i s t a n c e  e l a s t i c i t y  
0 

o f  t h e  p l a c e - t o - p l a c e  m i g r a t i o n  f l o w s .  The a and B c o e f f i c i e n t s  

would be t h e n  o b t a i n e d  by a d d i n g  one u n i t  t o  t h e  e s t i m a t e d  

v a l u e s  o f  a '  and B ' .  

Note h e r e  t h a t  t h e  e s t i m a t e  h '  can  be d i f f e r e n t  from t h e  

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

v a r i a b l e s  Ci and D 
1 .  

I t  c a n  be  shown t h a t  t h e  measures  o f  t h e  

s y s t e m i c  v a r i a b l e s  o b t a i n e d  a s  i n d i c a t e d  e a r l i e r  a r e  c o n s i s t e n t  

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

f u n c t i o n  e x p r e s s i n g  t h e  r e l a t i o n a l  terms tij  i n  terms of  t h e  
h 

d i s t a n c e  d i j ,  and a l s o  w i t h  ( b )  t h e  e s t i m a t e d  v a l u e s  M i j  o f  

t h e  p l a c e - t o - p l a c e  m i g r a t i o n  f l o w s .  Thus,  t h e  s i m u l t a n e o u s  

e s t i m a t i o n  o f  t h e  .a and B c o e f f i c i e n t s  from t h e  p l a c e - t o - p l a c e  

f l o w s  w i l l  n o t  b e  o b t a i n e d  by f i t t i n g  (1  5)  t o  t h e  a v a i l a b l e  

d a t a  b u t  by f i t t i n g  t h e  f o l l o w i n g  r e g r e s s i o n  e q u a t i o n :  

P. 

where 
is  t h e  m a t r i x  o f  t h e  a d j u s t e d  ( e s t i m a t e d )  p l a c e - t o -  

p l a c e  f l o w s  coming o u t  o f  t h e  measurement o f  C 
i 

h 

and D 
j  

h  i s  t h e  e s t i m a t e d  v a l u e  o f  h  coming o u t  of  t h e  same 

measurement.  

Note t h a t ,  s i n c e  ( 1 6 )  r e q u i r e s  t h e  knowledge o f  t h e  e s t i m a t e d  
h 

m a t r i x  M r a t h e r  t h a n  t h e  o b s e r v e d  M i j ,  t h i s  a l l o w s  f o r  a n  
i j  

e s t i m a t i o n  o f  t h e  a and 8 p a r a m e t e r s  i n  c a s e  t h e  a v a i l a b l e  



migration data are limited to the total migration flows Mi 

and M - j -  
(In these circumstances, a maximum likelihood or an 

A 

entropy-maximizing method allows for the derivation of M. . )  
1 j 

To summarize, it appears that the calibration of Alonso's 

model requires two successive stages: 

In a first stage, the systemic variables involved in 

Alonso's model are estimated using one of the 

classical calibration methods generally applied to 

gravity and entropy models. 

In a second stage, the parameters reflecting the 

response of migration to changes in the systemic 

variable are estimated from an appropriate regression 

analysis. 

Finally, note that the interest of this calibration 

method goes beyond the estimation of the systemic variables 

and their corresponding elasticities. In effect, this calibra- 

tion method attempts to explain place-to-place flows not only 

in terms of the characteristics of the origin and destination-- 

as is traditionally done--but also in terms of the 

characteristics of the rest of the system. Thus, with 

reference to the case of interregional migration, the method- 

ology developed above provides a way to test the influence of 

the rest of the system (i.e., the places other than the places 

of origin and destination) on p lace - to -p lace .migra t ion  flows. 

In particular, this methodology allows one to answer the 

problem that some researchers have tried to tackle with 

relatively moderate success (see, for example, Alperovich 

et al. 1977, Wadycki 1979); namely, the importance of intervening 

opportunities in the determination of place-to-place migration 

flows. 

V. USING THE ALONSO MODEL AS A FORECASTING MODEL 

In their review of Alonso's theory of movement, Anselin 

and Isard (1978) claim that a critical deficiency of this 

theory is its non-dynamic character. Eowevcr, such a criticism 



appea r s  t o  be  improper ly  add re s sed  u n l e s s  t h e r e  i s  a  d i v e r g e n c e  

on t h e  n o t i o n  of what c o n s t i t u t e s  a  dynamic model and what 

does  n o t .  

For  u s ,  A lonso ' s  model i s  dynamic i n  t h e  s e n s e  t h a t  i t  

a l l o w s  one t o  c a l c u l a t e  t h e  p o p u l a t i o n  o f  e ach  c l a s s  i n  suc -  

c u s s i v e  t i m e  p e r i o d s  t ,  t + l ,  e tc .  T h i s  p r o p e r t y  was i l l u s t r a t e d  

by Alonso h imse l f  i n  h i s  f i r s t  pape r  (Alonso,  1973 ) .  

I n  e f f e c t  t h e  s i z e  Pi ( t + l  ) of  g roup  i a t  t i m e  ( t + l )  

is  l i n k e d  w i t h  t h e  same group  a t  t i m e '  t by t h e  r e l a t i o n  

P i ( t + l )  = Pi ( t )  + B i ( t )  - D i ( t )  + lul . i ( t )  - M~ ( t )  (17)  

where B i ( t )  i s  t h e  number o f  u n i t s  added t o  t h e  sys tem i n  g roup  

i: i n  a  m u l t i r e g i o n a l  demographic sys tem,  t h e y  

would be t h e  number o f  b a b i e s  born  i n  r e g i o n  i 

between t i m e s  t and t + l ;  

D i ( t )  i s  t h e  number o f  u n i t s  i n  g roup  i d i s a p p e a r i n g  

from t h e  sys tem:  i n  a  m u l t i r e g i o n a l  demographic 

sys tem,  t h e y  would be t h e  number o f  d e a t h s  o c c u r r i n g  

i n  r e g i o n  i between t i m e s  t and t + l ;  

M ( t )  and Mi ( t )  a r e  t h e  t o t a l  number of  u n i t s  e n t e r i n g  . i 
o r  l e a v i n g  g roup  i between t i m e s  t and t + l .  

From e q u a t i o n  ( 1 7 ) ,  it i s  c l e a r  t h a t  t h e  p o p u l a t i o n  o f  each  

c l a s s  i i n  s u c c e s s i v e  t i m e s  t ,  t + l ,  e t c .  can  be o b t a i n e d  once  

t h e  v a r i o u s  f lows  on t h e  r i gh t -hand  s i d e  of  (17)  a r e  de t e rmined  

f o r  t h e  series o f  t h e  c o r r e s p o n d i n g  t i m e  i n t e r v a l s .  I n  f a c t ,  

t h e  d e t e r m i n a t i o n  o f  t h e s e  f l ows  does  n o t  r a i s e  any problem. 

On t h e  one hand,  it i s  a  s i m p l e  m a t t e r  t o  r e l a t e  t h e  " b i r t h s "  

and " d e a t h s "  o c c u r r i n g  i n  g roup  i w i t h  t h e  s i z e  02 t h e  same 

group .  On t h e  o t h e r  hand,  t h e  t o t a l  f lows  o f  u n i t s  e n t e r i n g  

and l e z v i n g  g roup  i can  be e a s i l y  c a l c u l a t e d  on t h e . b a s i s  o f  

t h e  e q u a t i o n s  shown i n  t h e  f i r s t  p a r t  of t h e  p a p e r .  



Indeed, if the parameters a and B (as well as the u and k 
v1 elasticities) are known, the availability of the values 

taken by the variables Xk and Y1 entering the composite 
i j 

variables v and w allows one to calculate Di and C by i j j 
solving iteratively the system of equations (6) and (7) . Then, 

inserting the systemic variables thus obtained into (1) and 

( 2 )  yields the requested estimates of the total number of 

units entering and leaving each group i. 

Thus, Alonso's model appears to be a dynamic forecasting 

tool5, capable of producing alternative simulations of the future 

based on various assumptions regarding the values of the inde- 

pendent variables entering the composite variables vi and w . 
j 

VI. AN APPLICATION TO INTERPROVINCIAL MIGRATION FLOWS IN CANADA 
(I) : MEASURING OF THE SYSTEMIC VARIABLES 

The methodology proposed in Section Four for calibrating 

the Alonso model will now be illustrated with an application 

to the case of interprovincial migration flows in Canada. The 

present section reports on the measurement of the systemic 

variables, while the next one deals with the estimation of the 

model parameters. 

The migration data used for the purpose of this illustration 

are the data on the total number of families leaving a given 

province for another province which are published annually 

by Statistics Canada (see Statistics Canada 1977 for a chrono- 

logical series of such annual migration figures). Observe that 

these data are counts of moves rather than of transitions: if 

a family makes several moves across provincial boundaries during 

a given year, it appears in the data as many times as the family 

moves. 

For the purpose of this paper, the annual data were con- 

solidated into three sets covering the periods 1961-66, 1966- 

71, a?d 1971-76. The corresponding matrices of interprovincial 

flows, each reflecting an annual average over these three periods, 

are shown in Table A1 of the ~ppendix. 



~ o t h  t h e  g r a v i t y  model ( 1 1 )  and t h e  en t ropy-der ived  model 

( 1 2 )  were f i t t e d  t o  t h e s e  t h r e e  d a t a  s e t s  u s ing  a  n o n l i n e a r  

l e a s t - s q u a r e s  method.6 The problem h e r e  was one of f i n d i n g  t h e  

op t imal  va lue  of h  t h a t  would minimize t h e  sum of squa re s  

between t h e  e s t ima ted  and observed v a l u e s  of M i j  Th is  was 

so lved  i n  an i t e r a t i v e  manner a s  fo l lows .  F i r s t ,  w e  p icked 

an i n i t i a l  va lue  ho of h  (ho = 0 . 1  i n  t h e  c a s e  of t h e  g r a v i t y  

model ) ,  and,  us ing  S t o n e ' s  (1962) a lgo r i t hm a l r e a d y  mentioned,  

we c a l c u l a t e d  t h e  ma t r ix  M b i p r o p o r t i o n a l  t o  t h e  cor responding  - 
m a t r i x  of r e l a t i o n a l  terms such t h a t  i t s  row and column 

sums a r e  e q u a l  t o  t h e  observed t o t a l  ou t -  and inmig ra t ion  f lows .  

Then w e  i n c r e a s e d  ho by a  q u a n t i t y  Ah (Ah = 0 . 1  i n  t h e  c a s e  

c f  t h e  g r a v i t y  model) and,  u s ing  a g a i n  S t o n e ' s  a l g o r i t h m ,  

ob ta ined  a  new e s t i m a t e  of t h e  m a t r i x  M. Gene ra l ly ,  t h e  - 
sum of squa re s  of t h e  r e s i d u a l s  re l . a t ing  e s t i m a t e  of M was - 
s m a l l e r  t han  i n  t h e  f i r s t  i t e r a t i o n .  So, w e  s imply i n c r e a s e d  

t h e  p rev ious  e s t i m a t e  of h  by Ah and r e p e a t e d  t h e  p rev ious  

o p e r a t i o n  u n t i l  w e  ob t a ined  a  sum of squa re s  va lue  g r e a t e r  

t han  i n  t h e  preced ing  i t e r a t i o n .  I f  h l  i s  t h e  v a l u e - o f  h  co r -  

responding t o  t h e  i t e r a t i o n  which sees an i n c r e a s e  i n  t h e  sum 

of squa re s  v a l u e ,  such a r e s u l t  means t h a t  t h e  op t ima l  va lue  

of h  i s  l o c a t e d  somewhere inbetween h l  - 2Ah and h l .  Thus, 

w e  r epea t ed  t h e  procedure  d e s c r i b e d  above,  s t a r t i n g  wi th  h  = 

h l  and 2Ah and proceeding wi th  i n c r e a s e s  e q u a l  t o  a  t e n t h  of Ah 

u n t i l  w e  ob t a ined  an i n c r e a s e  of t h e  sum of squa re s  va lue  

( f o r  say h  = h 2 ) .  Next, t h e  above procedure  was r epea t ed  
Ah s t a r t i n g  w i t h  h  = h2 - 2 - and proceeding w i t h  i n c r e a s e s  10 

equa l  t o  a  hundredth of Ah. This was pursued u n t i l  we 

ob ta ined  t h e  d e s i r e d  number of s i g n i f i c a n t  d i g i t s  f o r  t h e  

va lue  of h .  Table  1 shows t h e  s u c c e s s i v e  va lues  of h  and 

t h e  squa re  r o o t  of t h e  cor responding  sum of squa re s  va lues  

ob ta ined  i n  t h e  c a l i b r a t i o n  of  t h e  model f o r  t h e  pe r iod  1 9 7 1 -  

76. F i n a l l y ,  a  va lue  of h  e q u a l  t o  0.922 and an index of 

model performance e q u a l  t o  1123.6 were ob ta ined .  The c o r -  

responding ma t r ix  of  a d j u s t e d  ( p r e d i c t e d )  f lows a s  w e l l  a s  

t h e  m a t r i x  of t h e  r a t i o s  of t h e  a d j u s t e d  t o  t h e  a c t u a l  f lows 

a r e  shown i n  Tables  A 4  and A 5  of t h e  Appendix. 



Table 1 .  C a l i b r a t i o n  of t h e  g r a v i t y  model f o r  t h e  pe r iod  
1971-76: e v o l u t i o n  of  t h e  squa re  r o o t  of t h e  sum 
of s q u a r e s  of t h e  r e s i d u a l s  w i t h  t h e  d i s t a n c e  
f r i c t i o n  c o e f f i c i e n t  h .  

Note t h a t  t h e  f i t  of t h e  g r a v i t y  model was b e t t e r  t han  

t h a t  of t h e  en t ropy-der ived  model (Table  2 ) :  model performance 

was poorer  i n  t h e  l a t t e r  c a s e  w i th  an index  equa l  t o  1656.8. 

The f i g u r e s  i n  Table 2  summarizing t h e  r e s u l t s  of t h e  c a l i b r a -  

t i o n  of t h e  two a l t e r n a t i v e  models f o r  t h e  t h r e e  p e r i o d s  

a v a i l a b l e  i n d i c a t e  t h a t  

( a )  The f i t  of t h e  g r a v i t y  model improves w i th  t ime 

wh i l e  no such conc lus ion  can be drawn f o r  t h e  

en t ropy-der ived  model. 

(b)   he v a l u e  of t h e  d i s t a n c e  f r i c t i o n  c o e f f i c i e n t  i s  

p r a c t i c a l l y  t h e  same f o r  t h e  t h r e e  p e r i o d s  i n  t h e  

c a s e  of t h e  g r a v i t y  model-- i ts  lowes t  v a l u e  is  0.916 

i n  p e r i o d  1961-66 and i t s  h i g h e s t  0.924 i n  pe r iod  

1966-71--while it t e n d s  t o  d e c r e a s e  w i th  t i m e  i n  
- 3  

c a s e  of  t h e  en t ropy-de r ived  model--from 0.865 x 1 0  

i n  1961-66 t o  0.721 x i n  1971-76. 



Tab12 2 .  C a l i b r a t i o n  of  t h e  g r a v i t y  and e n t r o p y  models f o r  
a l t e r n a t i v e  p e r i o d s :  v a l u e s  o f  t h e  d i s t a n c e  f r i c t i o n  
c o e f f i c i e n t  ( h )  and t h e  model performance i ndex  
( s q u a r e  r o o t  o f  t h e  sum of  s q u a r e s  of  t h e  r e s i d u a l s ) .  

P e r i o d  1961-66 1966-71 1971-76 

G r a v i t y  h  0.916 0.924 - 0.922 

Model \/SS 1825.9 1352.5 1123.6 

Entropy h  0.000865 0.000778 0.000721 

Model 6 1734.4 , 1521.4 1656.8 

A s  f o r  t h e  s y s t e m i c  v a r i a b l e s  r e s u l t i n g  from t h e  above 

c a l i b r a t i o n  method, t h e i r  normal ized  v a l u e s  appea r  i n  Tab le  

3  ( on ly  t h e  v a l u e s  o b t a i n e d  w i t h  t h e  g r a v i t y  model a r e  

shcwn) .  I n t e r e s t i n g l y  enough,  t h e  draw and c o m p e t i t i o n  v a r i a b l e s  

t a k e  on remarkably  s i m i l a r  v a l u e s ,  t h u s  s u g g e s t i n g  t h a t  t h e y  a r e  

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

c o e f f i c i e n t  v a r i e s  between 0.982 f o r  t h e  p e r i o d  1966-71 and 

0.991 f o r  t h e  p e r i o d  1971-76. Thus, t h e  r a n k i n g s  o f  t h e  ken 

p r o v i n c e s  a c c o r d i n g  t o  i n c r e a s e d  v a l u e s  o f  b o t h  Ci and D a r e  
j 

r ough ly  s i m i l a r ,  and even i d e n t i c a l  f o r  t h e  p e r i o d  1971-76. 

I n  t h i s  l a t t e r  p e r i o d ,  t h e  t y p i c a l  r a n k i n g  i s  a s  f o l l o w s :  

1. B r i t i s h  Columbia 6 .  Manitoba 
2 .  Newfoundland 7 .  N e w  Brunswick 
3.  O n t a r i o  8 .  Saskatchewan 
4 .  A l b e r t a  9. P r i n c e  Edward I s l a n d  
5 .  Nova S c o t i a  10. Quebec 

Another  i n t e r e s t i n g  r e s u l t  sugges t ed  by Tab le  3  i s  t h e  

r e l a t i v e  i n v a r i a n c e  o f  t h e  normal ized  v a l u e s  of  t h e  draw and 

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

t e n  p r o v i n c e s  a c c o r d i n g  t o  i n c r e a s e d  v a l u e s  o f  Di and C f o r  
j 

t h e  o t h e r  p e r i o d s  l ook  rough ly  t h e  same. Fo r  example,  t h e  o n l y  

d i f f e r e n c e s  t h a t  t h e  1966-71 r a n k i n g s  p r e s e n t  w i t h  r e s p e c t  t o  

t h e  ofid above concern  Nova S c o t i a  and P r i n c e  Edward I s l and- -  

which g a i n  one  r ank  i n  t h e  D-ranking--Newfoundland, Manitoba 

and saskatchewan--which g a i n  one  rank  i n  t h e  C-ranking.  



Table 3. Calibration of the gravity model for alternative 
periods: normalized values of the systemic 
variables Ci and D 

1. 

Province 

Newfoundland 
Prince Edward Island 
Nova Scot ia  
New Brunswick 
Quebec 
Ontario 
Manitoba 
Saskatchewan 
Alberta 
B r i t i sh  Columbia 

Coeff ic ient  of cor- 
r e l a t i o n  between 
D .  and C. 
1 

0.9831 
3 



Fol lowing t h e  above o b s e r v a t i o n s ,  two comments a r e  h e r e  

i n  o r d e r .  F i r s t  o f  a l l ,  t h e  s i m i l a r  v a l u e s  t a k e n  i n  e ach  

p r ov ince  by t h e  sy s t emic  v a r i a b l e s  may appear  t o  c o n t r a d i c t  

t h e  i n t e r p r e t a t i o n  of A l o n s o ' s  sy s t emic  v a r i a b l e s  a s  a cce s -  

s i b i l i t y  measures  i n  terms o f  a t t r a c t i v e n e s s  and r e p u l s i o n -  

I n  e f f e c t ,  a s  a  consequence  o f  such  an  i n t e r p r e t a t i o n ,  w e  

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

r a t h e r  t h a n  p o s i t i v e l y .  Our r e s u l t  c an  be c o n t r a s t e d  w i t h  t h e  

ev idence  p rov ided  by Vermot-Desroches (1979) whose c a l i b r a t i o n  

o f  C e s a r i o ' s  v e r s i o n s  o f  models ( 1  1 )  and ( 1  2)  (see C e s a r i o  
7  1974 and 1975) t o  t h e  i n t e r r e g i o n a l  f lows  by r a i l  of pe t ro leum 

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

conforming w i t h  o u r  a p r i o r i  e x p e c t a t i o n s .  A c t u a l l y ,  t h e  

d i f f e r e n t  r e s u l t s  o b t a i n e d  by Vermot-Desroches and o u r s e l v e s  

c an  be s imply  a t t r i b u t e d  t o  t h e  b a l a n c e  d i f f e r e n c e s  e x i s t i n g  

i n  t h e  s p a t i a l  i n t e r a c t i o n  p a t t e r n s  obse rved .  On t h e  one hand,  

t h e  n e g a t i v e  c o r r e l a t i o n  o b t a i n e d  by Vermot-Desroches fo l l ows  

from t h e  asymmetric  i n t e r a c t i o n  p a t t e r n  he  d e a l s  w i t h .  On 

t h e  o t h e r  hand,  t h e  p o s i t i v e  c o r r e l a t i o n  h e r e  is  s imply  t h e  

consequence o f  t h e  h i g h l y  symmetric  p a t t e r n  o f  i n t e r r e g i o n a l  
8  

m i g r a t i o n  , a  f a c t  well-known t o  s t u d e n t s  of  m i g r a t i o n  s i n c e  

Ravens te in  (1885) obse rved  t h a t  "each main c u r r e n t  o f  m i g r a t i o n  

p roduces  a  compensat ing  c o u n t e r - c u r r e n t " .  

The second comment w e  would l i k e  t o  make h e r e  conce rns  

a  p o s s i b l e  i n t e r p r e t a t i o n  o f  t h e  r ank ing  o r d e r  of  t h e  t e n  

Canadi3.n p r o v i n c e s  a c c o r d i n g  t o  t h e  v a l u e s  o f  t h e  s y s t e m i c  

v a r i a b l e s .  A c t u a l l y ,  it  t u r n s  o u t  t h a t  t h i s  r a n k i n g  i s  a k i n  

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

o f  t h e i r  t o t a l  o u t -  and i n m i g r a t i o n  r a t e s ,  o r  of  t h e  sum of  

t h e s e 9  (see Tab le  4 ) .  

The o n l y  major  d i f f e r e n c e  conce rns  t h e  p o s i t i o n  o f  Quebec 

which i s  a t  t h e  bot tom i n  t h e  former  l i s t  and a t  t h e  t o p  i n  

t h e  l a t t e r .  The o t h e r  b u t  minor d i f f e r e n c e s  appea r  t o  be t h e  

r e v e r s e  o r d e r  i n  which O n t a r i o ,  Newfoundland and B r i t i s h  

Columbia a r e  t o  be found and t h e  two-rank g a i n  o f  Manitoba.  



Table 4. Migration propensity index during the 1971-76 period. 

Province Index Value Ranking 

Newfoundland 
Prince Edward Island 
Nova Scotia 
New Brunswick 
Quebec 
Ontario 
Manitoba 
Saskatchewan 
Alberta 
British Columbia 

Are there any obvious reasons accounting for those dif- 

ferences? A positive answer to this question will in fact 

be obtained in the second stage of the calibration of the 

Alonso model, which is the object of the next section. 

VII. AN APPLICATION TO INTERPROVINCIAL MIGRATION FLOWS IN 
CANADA (I I ) : ESTIMATING THE MODEL PARAMETERS 

Once the systemic variables have been estimated, the 

next stage in our calibration of the Alonso model to the case 

of interprovincial migration in Canada consists of estimating 

the model parameters, i.e., the elasticities a and B of the 

systemic variables Di and C respectively. 
j 

In accordance with the principles set fourth in Section 

Four, this estimation is based on a regression analysis in 

which the independent variables include the variables tradi- 

tionally used in regression analyses of migration flows (for 

an extensive survey of the determinants 05 migration, see 

Greenwood 1975) as well as the two systemic variables proposed 

by Alonso in his theory of movement. 

In a first step however, we perform a classical regression 

analysis--i.e., in which we ignore Alonso's systemic variables-- 

whose objective is to allow, by comparing its results with 



those obtained from the more complete regression analysis, 

a better assessment of the importance of the systemic variables 

in the migration decision in Canada. The explanatory variables 

used in the course of this analysis are for each province: 

The size of this population P 

Its unemployment rate U 

Its weekly wage rate (in real terms) W 
10 

In each of the three periods studied, the population size 

variable is taken as the arithmetic average of the observed 

populations at the beginning and end of the period whereas the 

socio-economic variables are taken as equal to their values 

observed in the starting year of each period (see Table A3 of 

the Appendix for the actual values of the variables considered). 

The first observation made is that, regardless of the 

independent variable chosen (total outmigration flow, total 

inn~igration flow, or place-to-place migration flow) or the 

observation period examined, the estimation of reasonably 

specific equations consistently leads to large residuals in the 

case of migration flows originating from or ending in Quebec. 

Thus, we add to the set of explanatory variables a dummy 

variable X, normally equal to zero but taking the value 1 

if the corresponding migration flow originates from or ends 

in Quebec. 

When attempting to explain the total migration flows 

enterir,q and leaving each province in terms of the four 

explanatory variables P, U, W and X, we note in both cases that 

the regression coefficients of the population variable as well 

as of the dummy variable are highly significant. In particular, 

the negative sign of the dummy variable coefficients indicates 

the existence of a lower propensity to move into and out of 

Quebec: it can be attributed to its linguistic peculiarity 

(see Termote and Frechette 1979). By contrast, the two socio- 

economic variables perform poorly. For example, for the period 

1971-76, they appear to have the wrong sign in both the out- 

and inmigration equation: however, the coefficient of the 



latter variable is not statistically significant. Can we 

explain the poor performance of these socio-economic variables? 

On the one hand, the result concerning the wage rate variable 

can be attributed to a high colinearity with the population 

variable (in effect the coefficient of correlation between 

the population and the wage rate variables is equal to .83). 

On the other hand, the result concerning the unemployment 

rate might just be another manifestation of the evidence that 

high unemployment rates do not necessarily imply higher out- 

migration and smaller inmigration (see Greenwood 1975). 

The first two equations of Table 5 show the "best" regres- 

sion equations obtained in the case of the 1971-76 out- and 

inmigration flows. (The socio-economic variables behaving 

unexpectedly have been removed from these equations except 

for the unemployment rate in the first equation. We will see 

later on why.) 

Of course, another good reason for the poor performance 

of the unemployment variables might be that the above 

analysis of the total migration flows is based on too few 

observations (ten in each case). Thus, we might expect to 

obtain better results if we analyze the place-to-place flows 

for which we have 90 observations. 

For each of the three periods studied, it turns out that 

the main factors explaining those flows are distance and size 

of the population at both the origin and the destination. In 

all cases these variables have t-values having an absolute 

value no less than 9. As for the coefficient of the distance 

variable, it is found to be in close agreement with the value 

h of the distance elasticity obtained in the first phase of 

this calibration effort. For the period 1971-76, the "best" 

regression equation yields a distance elasticity equal to 

.978, whereas the biproportional adjustment method of the 

preceding section produced a value of .922. Also highly 

significant are the dummy variables at the origin and destina- 

tion. The somewhat higher values of their coefficients with 

respect to their values in the total migration equations 



T a b l e  5 .  " B e s t "  r e g r e s s i o n  e q u a t i o n s  e x p l a i n i n g  t h e  v a r i a t i o n s  
o f  Lhe t o t a l  a n d  p l a c e - t o - p l a c e  m i g r a t i o n  f l o w s  w i t h o u t  
i n c l u s i o n  o f  t h e  s y s t e m i c  v a r i a b l e s ,  1971-76 .  

l o g  Mi = 4 .10899  + 0 .75437  l o g  Pi - 0 .54472  l o g  U i -  0 .67877  Xi 

( 9 . 8 8 3 5 5 )  ( - 1 . 84168 )  ( -2 .40891 ) 

R2 = . 98207  F = 5 4 . 2 7  m = 8 .36862  S.E = 0 .21724  

l o g  M = -2 .86038  + 0 .61509  l o g  P  + 1 .44387  l o g  W - 0 .95339  X . j j j j 

log 
= -6 .75498  - 0 .97792  l o g  d i j  + 1 .07128  l o g  Pi + 0 .88157  l o g  P 

j 

+ 0 .44755  l o g  Ui + 0 .67455  l o g  W - 1 .88206  Xi - 1.84221 X 
j j 



indicates that the aforementioned peculiarity of Quebec does 

not solely reflect a comparatively smaller impact of Quebec's 

characteristics on the migration process, but also a comparatively 

higher effect of distance in the case of a move originating 

or ending in Quebec. 

An immediate consequence of the latter result is that 

the estimation--in Section Six--of the systemic variables Di 

and C was probably incorrectly performed owing to a relative 
j 

underestimation of the relational terms concerning the 

migration flows originating or ending in Quebec; whence the 

extreme positions taken by Quebec in the two ranking orders 

of the provinces considered in the previous section. 

As for the socio-economic variables, they do not appear 

to perform much better than in the case of the total out- and 

inmigration flows .even though, in the case of the 1971-76 

period, the coefficient of the unemployment variable relating 

to the origin now appears to have the correct sign and a 

relatively high t-value (see third equation of Table 5). The 

same result is not obtained in the case of the other two i 

periods. 

Now including the systemic variables among the independent 

variables of the total migration equations, we note (see Table 

6) few changes in the performance of the various variables. 

As far as the period 1971-76 is concerned, the comparison of 

the first two equations in Tables 5 and 6 simply reveals the 

following. 

  he coefficient of the unemployment rate variable 
now has the right sign and is significant in the 

outmigration equation. 

The coefficients of the dummy variables are much 

higher in size. 

As for the systemic variables, their coefficients are 

positive as one would normally expect. But, whereas the draw 

varisble coefficient is significant in the outmigration equation, 

the competition variable coefficent is not significant in the 

inmigration equation. 
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With r e g a r d  t o  t h e  p l a c e - t o - p l a c e  m i g r a t i o n  f l o w s ,  l e t  us  
.. 
M . .  

1 3  r e c a l l  t h a t  t h e  a p p r o p r i a t e  dependent  v a r i a b l e  i s  -, , 

i . e . ,  t h e  r a t i o  of  t h e  c o r r e c t e d  ( e s t i m a t e d )  m i g r a t i o n  f low 

from p r o v i n c e  i t o  p r o v i n c e  j t o  t h e  v a l u e  o f  t h e  r e l a t i o n a l  
A 

term 
f o r  t h e  e s t i m a t e d  v a l u e  h  of  t h e  f r i c t i o n  c o e f f i c i e n t .  

The r e s u l t s  o b t a i n e d  (see f o r  example t h e  t h i r d  e q u a t i o n  o f  

Tab le  6 )  c o n f i r m  some o f  t h e  r e s u l t s  found e a r l i e r .  

The two p o p u l a t i o n  v a r i a b l e s  and t h e  two dummy v a r i a b l e s  

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

The socio-economic v a r i a b l e s  pe r fo rm p o o r l y :  i n  t h e  

c a s e  o f  t h e  1971-76 p e r i o d ,  t h e  unemployment v a r i a b l e  

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

o f  whe the r  o r  n o t  it i s  u s e d  i n  t h e  p r e s e n c e  o f  t h e  wage 

r a t e  v a r i a b l e  o f  t h e  d e s t i n a t i o n .  
1 

More i n t e r e s t i n g  however i s  t h e  f i n d i n g  t h a t  t h e  c o e f -  

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

s i g n i f i c a n t .  I n  t h e  c a s e  of t h e  1971-76 p e r i o d ,  t h e i r  v a l u e s  

l e a d  t o  e s t i m a t e s  o f  t h e  a and 5 e l a s t i c i t i e s  e q u a l  t o  0.486 

and 0 .300,  r e s p e c t i v e l y  which a r e  b r o a d l y  s i m i l a r  t o  t h o s e  

s u g g e s t e d  by t h e  t o t a l  m i g r a t i o n  e q u a t i o n s  (0.524 and 0 .302 ,  

r e s p e c t i v e l y )  . 

A s  a  d i g r e s s i o n ,  n o t e  t h a t  t h e  v a l u e  o f  t h e  p o p u l a t i o n  

s i z e  c o e f f i c i e n t  a t  t h e  o r i g i n  a p p e a r s  t o  be less t h a n  1 ,  

i . e . ,  t h e  m i g r a t i o n  f lows  o u t  o f  e a c h  p r o v i n c e  a r e  n o t  

p r o p o r t i o n a l  t o  t h e  s i z e  of  t h a t  p r o v i n c e ' s  p o p u l a t i o n  b u t  

r a t h e r  t o  a  power f u n c t i o n  o f  t h i s  s i z e  where t h e  exponen t  

t a k e s  a  v a l u e  less t h a n  one .  The i n t e r e s t  o f  t h i s  o b s e r v a -  

t i o n  i s  t h a t  i t  s u g g e s t s  c l e a r l y  t h a t  t h e  minor d i f f e r e n c e s  

obse rved  i n  t h e  r a n k i n g  o r d e r s  of  t h e  Canadian  p r o v i n c e s  

a c c o r d i n g  t o  t h e i r  m i g r a t i o n  p r o p e n s i t i e s  and a c c o r d i n g  t o  

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

vary!ng a s  much i n  s i z e  a s  B r i t i s h  Columbia, Newfoundland and 

O n t a r i o )  were s imply  due t o  a  s i z e  e f f e c t .  



At this stage, let us again point out the poor performance 

of the socio-economic variables in the regression analysis 

of the total and place-to-place migration flows in Canada. 

We suggest that the main reason for such a finding is the 

small number of spatial units considered, with the consequence 

being the small variation of the socio-economic variables 

across provinces: for example, the ratio of the standard 

deviation to the mean in the case of log W is less than 3 

percent. 

In view of the above evidence concerning the socio-economic 

variables, we may wonder whether we would obtain significantly 

different results if we ignored these variables performing a 

regression analysis of the total and place-to-place migration 

flows. Indeed, we have performed such an analysis for each 

of the three periods, 1961-66, 1966-71, and 1971-76, the 

results of which are reported in Tables 7 and 9. It turns out 

that we obtain for the remaining variables results similar to 

those derived in the presence of the socio-economic variables. 

For example, compare equations in Table 6 and 9 which display 

corresponding regression equations for the period 1971-76 

with and without inclusion of the socio-economic variables. 1 1  

As a consequence, the equations shown in Tables 7 through 

9 can be used to assess the importance of the systemic variables 

during each of the three observation periods considered. 

First, observe that, from one period to the next, the 

coefficients of the systemic variables in the out- and in- 

migration flow equations tend to become less significant at 

the same time that their values decrease toward zero: the 

impact of the system on the total migration flows out of and 

into each province tends to diminish over time. 

By contrast, the coefficients of the systemic variables 

in the place-to-place migration flow equation tends, from one 

period to the next, to become more significant as their values 

move away from zero toward one. The impactof the system on 

the spatial pattern of migration flows tends to increase over 

time. 
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Table 9. Regression equations explaining the variations of the 
total and place-to-place migration flows when ignoring 
economic variables, 1971-76. 

log Mi = 3.28402 + 0.89698 log Pi + 0.48560 log Di - 1.27919 Xi 
(11.32011) (1.78478) (-3.72669) 

R2 = .98166 F = 53.03 m = 8.36862 S.E = 0.21967 

log M = 3.25503 + 0.81431 log P + 0.21702 log C - 1.31049 X . j j j j 

log -% = 2.74111 + 0.89642 log Pi + 0.81546 log P - 0.51804 log Di 
3-h j 



I n  f a c t ,  t h e  two above o b s e r v a t i o n s  a r e  i n  t o t a l  a g r e e -  

ment--they r e f l e c t  t h e  c o n s i s t e n c y  e x i s t i n g  i n  A l o n s o ' s  t h e o r y  

o f  movement between p l a c e - t o - p l a c e  and t o t a l  m i g r a t i o n  flows-- 

and l e a d  t o  c o n s i s t e n t  e s t i m a t e s  o f  t h e  a and 8 p a r a m e t e r s  
12 

which a r e  shown i n  T a b l e  10. (Note t h e  a p a r a m e t e r  i s  

c o n s i s t e n t l y  h i g h e r  t h a n  t h e  B p a r a m e t e r  by .2 t o  . 3 . )  

T a b l e  10. E s t i m a t e d  v a l u e s  o f  t h e  a and B e l a s t i c i t i e s  f o r  
a l t e r n a t i v e  p e r i o d s .  

P e r i o d  a B 

On t h e  b a s i s  of  t h e  above e v i d e n c e ,  it t h u s  f o l l o w s  t h a t ,  

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

Canadian p r o v i n c e s  t e n d s  t o  be  i n f l u e n c e d  less and less by t h e  

c o n d i t i o n s  p r e v a i l i n g  i n  t h e  rest  o f  t h e  c o u n t r y .  (Note  t h a t  

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

f lows  i s  t o  b e  a c c e p t e d  w i t h  more c a u t i o n  s i n c e ,  a s  ment ioned 

above ,  it i s  t h e  r e f l e c t i o n  o f  t h e  i n t e r n a l  c o n s i s t e n c y  of 

Alonso ' s t h e o r y .  ) 

CONCLUSION 

I n  t h i s  p a p e r ,  w e  have  i n d i c a t e d  how t h e  o b s e r v a t i o n  

t h a t  A l o n s o ' s  t h e o r y  o f  movement relies on a  s t a n d a r d  model 

o f  s p a t i a l  i n t e r a c t i o n  a l l o w s  f o r  t h e  e s t i m a t i o n  o f  t h e  s y s t e m i c  

v a r i a b l e s  e n t e r i n g  i n  i t s  s p e c i f i c a t i o n .  

The a p p l i c a t i o n  o f  t h e  method t o  t h e  c a s e  o f  Canadian  

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

v a r i a b l e s  w e r e  t a k i n g  on s i m i l a r  v a l u e s  owing t o  t h e  r a t h e r  

symmetric  p a t t e r n  o f  t h e  o b s e r v e d  m a t r i x  o f  i n t e r p r o v i n c i a l  

f lows .  The r e l a t i v e  v a l u e s  o f  t h e s e  s y s t e m i c  v a r i a b l e s  a c r o s s  



provinces were shown to be primarily affected by the migration 

propensities of each region--up to a size effect--at the same 

time that changes in socio-economic conditions were found to 

have a relatively small role in the migration decision. 

It is suspected, however, that the above results are 

essentially due to the relatively small number of spatial 

units considered in our Canadian application. It is thus 

recommended that the methodology proposed above be applied to 

a more disaggregated spatial level before drawing some general 

conclusions on (a) the role of Alonso's systemic variables 

and (b) the role of changes in socio-economic variables in the 

decision to migrate. 



APPENDIX 



T a b l e  A l .  A n n u a l  average n u m b e r  o f  f a m i l y  m o v e s ,  1 9 6 1 - 6 6 ;  
1 9 6 6 - 7 1 ;  1 9 7 1 - 7 6 .  

T o t a l  
1 2 3 4 5 6 7 8 9 1 0  o u t m i g r a t i o n  

1. Newfoundland 
2.  P r i n c e  Edward 

I s l a n d  
3 .  Nova S c o t i a  
4. N e w  Brunswick 
5. E;lebec 
6.  O n t a r i o  
7 .  N a n i t o b a  
8 .  Saska tchewan 
9. A l b e r t a  
10 .  B r i t i s h  

Columbia 

T o t a l  i n m i g r a t i o n  

T o t a l  
1 2 3 4 5 6 7 8 9 1 0  o u t m i g r a t i o n  

1. Newfoundland 
2. P r i n c e  Edward 

I s l a n d  
3. Nova S c o t i a  
4 .  New Brunswick 
5. Quebec 
6.  O n t a r i o  
7. Mani toba  
8 .  Saska tchewan 
9 .  A l b e r t a  
10 .  B r i t i s h  

Columbia 

T o t a l i n m i g r a t i o n  1288 557 3384 2811 5832 16240 4128 3389 8 2 1 1  10437 

f rom 'X T o t a l  
1 2 3 4 5 6 7 8 9 1 0  o u t m i g r a t i o n  

1. Newfoundland 
2 .  P r i n c e  Edward 

I s l a n d  
3. Nova S c o t i a  
4 .  New Brunswick 
5. Quebec 
6 .  O n t a r i o  
7.  Manitoba 
8 .  Saska tchewan 
9 .  A l b e r t a  
10.  B r i t i s h  

Columbia 

T o t a l  i n m i g r a t i o n  1914 712 3758 3277 5735 14058 4347 3811 10206 11209 

SOURCE: S t a t i s t i c s  C a n a d a  ( 1 9 7 7 ) .  



Table A 2 .  Values of the regional socio-economic variables used. 

New- 
found- 
l a n d  - -- . - - 

1. Population 

P r i n c e  Now 
Edward Nova Bruns- 
I s l a n d  S c o t l a  wick 

- .  - -  - . - - - - - - - --- - 

- in thousands 

Quebec 
. .- - 

Saskat -  B r i t i s h  
O n t a r i o  Manitoba chewan A l b e r t a  ~ o l m b i a  

- .  -. - - - - - - - - . - - -- - - 

2 .  Unemployment Rate - in percentage 
1 9 6 1  - - NOT AVAILABLE - - 
1 9 6 6  6 . 1  7 . 5  4.8 5.1 4.1 2 . 6  2 . 8  1 .5  2.6 4.6 
1 9 7 1  8 .8  9 . 5  6 .9  6 .2  7.3 5.4 5 .7  3 . 5  5 . 7  7 . 2  

3. Weekly Wage (in real terms) - in dollars 

4 .  Per Capita Disposable Income (in real terms) - in dollars 

1961-1966-1971: Canada Dominion Bureau o f  S t a t i s t i c s  ( 1968 ) ,  S t a t i s t i c s  Canada (1973) 
1976 - Figu re s  from t h e  1976 Census o f  Canada quoted  i n  Termote (1978) 

2 .  F i g u r e s  from S t a t i s t i c s  Canada (1976) quo ted  i n  Termote and P r e c h e t t e  (1979) 
3. Termote and F r e c h e t t e  (1979) 
4 .  Termote and F r e c h e t t e  (1979) . 



T a b l e  A3. I n t e r p r o v i n c i a l  r1ist :ances ( i n  m i l e s )  . 

1 .  N e w f o u n d l a n d  
2 .  P r i n c e  Edward 

I s l a n d  
3 .  Nova S c o t i a  
4 .  New B r u n s w i c k  
5 .  Q u e b e c  
6 .  O n t a r i o  
7 .  M a n i t o b a  
8 .  S a s k a t c h e w a n  
9 .  A l b e r t a  
1 0 .  B r i t i s h  

C o l u m b i a  

SOURCE: T e r n ~ o t e  a n d  F r e c h e t t e  ( 1  9 7 9 )  . 



T a b l e  A4. Number o f  f a m i l y  moves p r e d i c t e d  by t h e  g r a v i t y  m o d e l :  
a n n u a l  a v e r a g e  f o r  t h e  1971-76 p e r i o d .  

1 .  Newfoundland  
2 .  P r i n c e  Edward 

I s l a n d  
3 .  Nova S c o t i a  
4 .  N e w  B r u n s w i c k  
5 .  Q u e b e c  
6 .  O n t a r i o  
7 .  M a n i t o b a  
8 .  S a s k a t c h e w a n  
9 .  A lbe r t a  
1 0 .  B r i t i s h  

C o l u m b i a  



T a b l e  A 5 .  Ra t ios  o f  t h e  p r e d i c t e d  ( b y  t h e  g r a v i t y  m o d e l l  t o  
a c t u a l  n u m b e r s  o f  f a m i l y  moves, 1971-76 .  

1 .  Newfoundland  
2. P r i n c e  Edward 

f s l a n d  
3 .  Nova S c o t i a  
4 .  N e w  B r u n s w i c k  
5 .  Q u e b e c  
6 .  O n t a r i o  
7 .  M a n i t o b a  
8 .  S a s k a t c h e w a n  
9 .  A l b e r t a  
1 0 .  B r i t i s h  

C o l u m b i a  
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NOTES 

1 .  For example, a t  t h e  19 th  ' ~ u r o p e a n  Meeting of t h e  Regional  
Sc ience  Assoc i a t i on  h e l d  i n  London i n  t h e  summer of 1979, 
Wal ter  I s a r d  c h a i r e d  a  th ree-hour  pane l  s e s s i o n  which was 
e n t i r e l y  devoted t o  a  d i s c u s s i o n  of Alonso 's  t heo ry .  This  
paper  deve lops  r e f l e c t i o n s  and i d e a s  p re sen ted  by t h e  a u t h o r  
a t  t h a t  pane l  s e s s i o n .  

2 .  These two v a r i a b l e s  remain undef ined f o r  t h e  t i m e  be ing :  
t hey  w i l l  be d e r i v e d  l a t e r .  

3 .  The uk and vl e l a s t i c i t i e s  a r e  assumed t o  be independent  

of t h e  p l a c e  of  r e f e r e n c e  f o r  t h e  same reason  t h a t  t h e  a 
and $ e l a s t i c i t i e s  w e r e  made independent  of t h e  p l a c e  of  
r e f e r e n c e .  

4 .  This  assumes t h a t  t h e  r e l a t i o n a l  term t i j  is g iven  by a  

n e g a t i v e  power of  t h e  d i s t a n c e  t e r m  d A l t e r n a t i v e l y ,  
i j  ' 

i f  t i j  i s  g iven  by a  n e g a t i v e  e x p o n e n t i a l  f u n c t i o n  o f  t h e  

d i s t a n c e  d i j ,  t h e  l a s t  term of ( 1 5 )  w i l l  s imply be minus 
hidij. 

5 .  The fo l lowing  d i g r e s s i o n  might be of i n t e r e s t  t o  mathemat ical  
demographers. A s  w e  w i l l  see l a t e r  on ,  t h e  p o p u l a t i o n  s i z e s  
a t  t h e  o r i g i n  and d e s t i n a t i o n  a r e  l i k e l y  t o  be t h e  most 
s i g n i f i c a n t  v a r i a b l e s  e n t e r i n g  t h e  composite v a r i a b l e s  vi 

and w . This  s u g g e s t s  t h e  s p e c i f i c a t i o n  of a  g e n e r a l  model 
j 

of p lace- to-p lace  mig ra t ion  f lows 



where Di = 1 PY Cj - 1 
tij 

j 

which encompasses virtually all of the migration models 
proposed by mathematical demographers. [This model can be 
easily operationalized since (6') and (7') can be easily 
solved for values of Di and C in an iterative manner.] 

j 
6. The matrix of interprovincial distances (road distances 

between the provinces1 principal cities) appears in Table 
A3 of the Appendix. 

7 .  The Cesario versions of models (11) and (121 group the terms 
concerning both the production (vi a.nd Di) and the attraction 
(wj and C. ) zones. 

3 

8. Indeed, if the interprovincial flow matrix M = (M..) is - 1 3  
symmetric, the C and D indices are identical in each province. 

9. Because the average number of families present in each 
province during each period was unavailable, we proxied 
the aforementioned rates by migration indices in which the 
denominators were taken as the arithmetic average of the 
provincial populations at the beginning and end of the 
period. The migration index referred to in Table 4 is the 
sum of the total out- and inmigration proxies. 

10. Initially, we also used real per capital income (INC), 
which we discarded after discovering the high correlation 
existing between this variable and the wage rate variable. 
(Their correlation coefficient is equal to .81.) 

1 1 .  This shows that in the case of the Canadian interprovincial 
system, place-to-place migration flows can be adequately 
represented by a gravity model such as (3,)--in which the 
masses refer only to the populations at the origin and 
the destination--with the single addition of a dummy variable 
to account for the specificity of Quebec (a single dummy 
variable is sufficient since Xi and X in each of the place- 

j 
to-place migration equations have similar coefficients). 

12. In his empirical work, however based on a less precise 
calibration method, Alonso (1973) estimated a = .3 and 8 
= .1 for the United States in the 1955-60 period. 
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