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Introduction 

The specifie aim of this research is to answer the following questions 
concerning migration in Canada: (a) What is the long run distribu
tion of interprovincial transition probabilities?, and (b) What is the 
long run population distribution, given that the population is 
heterogeneous and exhibits cumulative inertia? These questions are 
examined empirically in the second section of this paper. A more 
abstract issue-the relationship between the moyer-stayer model 
and a semi-Markov model-forms the subject of the third section. 
The present section places the research in context, first by referring 
to observed empirieal facts about heterogeneity and cumulative iner
tia and then by discussing the implications of these facts for model 
design. 

Empirical Evidence 
Empirical evidence has shown two interesting features of inter
regional migration. 

(1)	 There is considerable heterogeneity in the propensity of 
individuals to migrate. 

Goldstein [14] advocates that a distinction be drawn between 
mobile and stable individuals. Tarver and Gurley [23] and Rogers 
[19] show that geographic mobility varies with age and race; it ap
pears that the young are the most mobile. Similarly, a study of 
Canadian interprovincial migration by Courchene [5] shows that 
the importance of income differentials as a factor in mobility 
decreases with age. Courchene also found that education is an im
portant factor; migration between i and j is positively related to 
education at i. Morrison [17] suggests three sources of variability in 
the propensity of individuals to migrate: stage in the life cycle, oc
cupational constraints, and prior migration experience. lt is to be 
expected then that sorne individuals within the population will be 
highly mobile and that others-whether through lack of resources, 
motivation or information-are immobile. 

1The assistance of Kao-Lee Liaw is gratefully acknowledged. 
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Data from the 1961 and 1971 Census show that in Canada ex
cluding the Yukon and the N. W.T. about 54 percent (56 percent) of 
the population in 1966 (1956) lived in the same dwelling in 1971 
(1961). The remainder made moves at intramunicipal, inter
municipal and interprovincial scales. The first goal of this research 
is to incorporate these data on variations in mobility into a model of 
interprovincial migration. 

(2) It has been abserved that an individual's chance af remaining in 
a place increases as length af stay increases. 

In an early paper stressing the importance of duration of 
residence Taueber [24] showed that the longer a person has been liv
ing in a place the smaller is the probability of movement in the next 
year. Further evidence is provided by Myers, et al. [18] for Seattle, 
Washington. Morrison [16), gives empirical verification of duration 
of residence effects and also of significant variations in these with 
age; Cordey-Hayes and Gleave [4, p. 111] have summarized these 
and other data. 

(1 
1 

These empirical results have been embodied in the "axiom of 
cumulative inertia", which states that 

the probability of remaining in any state of nature increases as a 
strict monotone function of duration of prior residence in that 
state [15, p. 716]. 

The cumulative inertia effect will be incorporated in the models 
presented in the following sections. 

ft is clear that there is a duality between the two sets of em
pirical evidence. The fact that there are sorne individuals who move 
frequently is manifested in the distributions of length of stay
people who move frequently appear never to have had a long dura
tion of residence. This question is pursued in the third section. 

Effect on Model Design 
These empirical findings pose sorne difficulties for model building. 
The facts relating to heterogeneity and cumulative inertia mean that 
migration cannat be modelled using simple Markovian techniques 
(as in, for example, Salkin, et al., [21]). 

The nature of t.he empirical evidence indicates that most migra
tion streams are non-Markovian. The probability of moving from i 
to j depends on (among other things) the stage in the life cycle, oc
cupational constraints, and previous migration experieoce. It is this 
last factor which renders migration streams non-Markovian. There 
is, of course, the additional problem of non-stationarity. Explicit at
tention is focused on this aspect of migration streams in the present 
work by presenting results for two periods. 

1
J! 

Two modifications to the basic Markov model which ovel'come 
these problems are available: the moyer-stayer mode!, and the semi
Markov mode!. Morrison [17, pp. 129-30] characterizes the mover
stayer model as statistical in that it relates explicitly to heterogeneity 
in the propensity to migrate, and this creates an apparent duration 
of residence effect. (The specific form of heterogeneity to be in
troduced is the moyer-stayer split.) Morrison [17, p. 129] 
characterizes the semi-Markov model as sacialagical in that it 
relates explicitly to duration of residence effects; that is, variations 
in migration propensities due specifically to residential history. The 
technique used is to specify the times between moves and so capture 
observed characteristics of residential history. 

The duality between these empirical phenomena is achieved by 
choosing the length of stay distributions in the semi-Markov process 
to correspond to the decision process in the moyer-stayer mode!. In 
the third section a length of stay distribution corresponding to 
Spilerman's [22] extended moyer-stayer mode! is found. Data short
ages prevent an application of this more general model, but sorne of 
its properties are noted. 

A Model With Heterogeneity 

This section discusses a model with two types of individuals-movers 
and stayers. Using a hypothetical urn model, the effect of introduc
ing these types is discussed. After demonstrating that the introduc
tion of heterogeneity produces a duration of residence effect, the 
moyer-stayer model is then used to answer the questions posed in the 
introduction. Finally, the results of the application of the model to 
Canada are presented. 

The Effect of Introducing Heterogeneity 
The heterogeneity approach assumes that observed duration of 
residence effects are merely examples of Feller's [7, p. 121] 
"spurious contagion". As Morrison [17, p. 129J puts it, "persons 
who are intrinsically prone to move ... appear never to have stayed 
anywhere for very long"; thus the duration of residence effect 
reflects a process of self selection. This phenomenon is now dis
cussed in terms of an urn model proposed by Feller [7, pp. 121-2]. 

Suppose that there are two groups in the population, movers 
and stayers, and that their total numbers are in the ratio 1:5. The 
two groups each occupy an urn. Suppose that the composition of the 
urns does not alter during the process. Of interest is the number of 
"stays" made by a randomly chosen individual in n time units. Con
sider the following model: throwa die; if 1 appears choose urn one 
(the movers), if 2-6 appears choose urn two (the stayers). Within urn 
one suppose that the probability of a move is 0.6. Within urn two 
suppose that the probability of a move is 0.06. Then, 
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peSta)') = - (0.4) + -(0.94) = 0.85.
 

6 6
 

Given that the sampling is with replacement, the probability 

P(Stay, Stay) = -1 
(0.4)2 +-5 

(0.94)2 = 0.77.
 
6 6
 

As Feller [7, p. 122J points out, there is no mathematical prob
lem here. The data, however, do display cumulative inertia despite 
the fact that no "after-effect" is built into the mode!. To illustrate 
this, observe an individual making a choice to stay during the first 
period. What is the probability of a further stay during the ensuing 
period? 

P(Stay, Stay) _ 0.77 = 0.91.
 
P(Stay ,Stay 1Stay) = P(Stay) - 0.85
 

The probability of staying at any one time is 0.85; however, hav
ing observed a stay the chances that the next draw also results in a 
stay are 0.91. Note that the model does not assume cumulative iner
tia, yet the occurrence of a stay for a person chosen at random in-' 
creases the odds that the person will stay again. This is merely an ef
fect of sampling. The occurrence of a stay has no real effect on the 
future, but it does serve to indicate that the person involved has a 
high propensity to stay [7, p. 122J. 

The Mover-Stayer Model 
Blumen, Kogan and McCarthy[3J (hereafter BKM) found that by 
treating a heterogeneous population as if it were homogeneous the 
Markov chain model underpredicted the probability that an in
dividual would remain in the same category and over time the \ 
discrepancy increased. By disaggregating the population into 
movers and stayers, however, BKM introduced heterogeneity and 
increased the diagonal elements of the transition matrices as re \1 
quired. This effect is illustrated in Bartholomew [2, pp. 46-7J. The 
model can be applied to geographical mobility, in which case the 
duration of residence effect becomes an artifact of aggregating a 
heterogenous population in whose subgroups no such processes are 
operating. • 

It seems plausible to postulate heterogeneity in the population 
as giving rise to duration of residence effects, for in any real world 
situation the decision to migrate will depend on varying personal 
characteristics (sorne of which were mentioned above). Because of 
these variations sorne people can be expected to be highly mobile

young people, for instance, are highly mobile and have low 
thresholds; others, such as those with an established business, are 
definitely immobile. 

The moyer-stayer model represents heterogeneity in the popula
tion by assuming that in each province a certain proportion S (a 
diagonal matrix) do not change location at any time. These are the 
stayers.2 The movers are those who change place of residence in 
the following way.
 
Assume a constant rate parameter À for movers in a Poisson process.
 
Then, the probability distribution at time t is modelled as
 

pet) =	 ~ + t!_ -- ~ ~ (Àt)m e-Àt pm (l) 
- - - m=O m! = 

[2, p. 51J. This model adds to the stayers the weighted sum of the 
transition matrices for m = 0, 1, 2, ... moves, where the weights 
used are the probabilities of making m moves. ft is assumed that 

e-Àt(Àt)m 
(2)P(N(t) = m) 

m! 

i.e., the probabilities are represented by a Poisson counting process. 
It should be noted that there is sorne positive probability that 

the movers actually make no move. This fact can be used to estimate 
À. For, if a known portion of movers move within the region, then 
P(N(t) = 0) is known. Thus e-Àt is known, and À can be found (see 
Table 3). 

BKM [3, p. l11J give the limiting distribution associated with 
the moyer-stayer model as 

lim pet) S + (1- S) lim pt (3) 
t-+o> = = = =t-+o>= 

This Iimiting matrix for the entire population does not in general 
have equal rows, as in simple Markov models. Thus, the probability 
that an individual starting in a particular province ends up in a dif
ferent province depends on the starting province. ft is necessary 
therefore to discuss the distribution of individu ais among provinces. 
Let 

t(a t t	 (4)
~(t) a 2 ' ... , an)'1 

2A less restrictive assumption would be to allow the stayers to move at a slower 
rate than the movers, but the simple version is presented here. 
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be the distribution of population among the provinces at time t. 
BKM [3, p.llOJ show that 

~(t + 1) ~(1)~ + ~(1)(l- ~) R t	 (5) 

This vector will be calculated using Canadian data for 1956-61 and 
1966-71. 

Application to Canadian Data 
From Census data (see Tables 1 and 2, and Appendix A) 9.88 per 
cent of the "five year moyers" in 1966 moved between provinces in 
1966-71; the remainder of the movers made intraprovincial moves. 
These data can be used to approximate the parameter in the Poisson 
process. In all,90.12 percent of the movers between 1966 and 1971 
stayed within the same province, thus 

P[N(l) = OJ = .9012, 

(assuming that proportions can be treated as probabilities). This im
plies a value of Àof about .104. Using this value 

Table 1
 

DISTRIBUTION OFFIVE-YEARMOVERS, 1956-61,
 
AMONG SELECTED MOVEMENT CATEGORIES,
 

BASED ON PLACE OF RESIDENCE IN 1956*
 

Province Total	 Moven within CanadaNon-moven Death
population (at same Total Inlra- Inter
(AU ages) dwelling) movers provincial" provincial 

NFLD 415074 70.46 25.8 23.2 2.6 3.74 
26.0 20.0 6.0 3.74

PEI 99285 70.26 
NS 694717 64.86 31.4 25.6 5.8 3.74NB 554616 66.06 30.2 24.9 5.3 3.74Q 4628378 56.33 40.4 38.8 1.6 3.270 5404933 54.49 41.7 39.6 2.1 3.81M 850040 56.64 39.4 32.7 6.7 3.96S 880665 58.42 37.8 30.4 7.4 3.78A 1123116 50.54 46.3 40.8 5.4 3.16BC 1398464 50.48 45.4 41.7 3.8 4.12 

Total 16049288 56.07 40.3 37.1 3.2 3.63 . 
* Compare with George [8, p. 109J. 

**By	 assumption this percentage includes those movers who moved between 1956-61 but who 
faiJed ta report their place of residence in 1956. 

Source:	 Based on 1961 Census, DBS 98-509, Bulletin 4.1(9) and 1956 Census, DBS 92·501 and 
DBS 93-505. 
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P[N(l) = IJ = .0937, 

which is fairly close to the observed proportion of the movers mak
ing interprovincial moyes. Similar calculations have been performed 
for the provinces for 1956-61 and 1966-71 and are shown in Table 3. 

Table 2
 

DISTRIBUTION OF FIVE-YEAR MOVERS, 1966·71,
 
AMONG SELECTED MOVEMENT CATEGORIES,
 

BASED ON PLACE OF RESIDENCE IN 1966.
 

Movers within Canada
Province Total Non-moven Dealh 

population (atsame Total Intra· Inter
1966 dwelling) moven provlnclal* provincial 

NFLD 493396 62.16 34.1 28.2 5.8 3.74 
PEI 108535 65.46 30.8 22.1 8.7 3.74 
NS 756039 60.16 36.1 29.0 7.1 3.74 
NB 616788 60.96 35.3 28.1 7.2 3.74 
Q 5780845 55.03 41.7 39.2 2.6 3.27 
0 6960870 53.29 42.9 40.2 2.7 3.81 
M 963066 53.44 42.6 33.7 8.9 3.96 
S 955344 54.02 42.2 31.4 10.8 3.78 
A 1463203 50.64 46.2 39.2 6.9 3.16 
BC 1873674 47.08 48.8 45.0 3.8 4.12 

Total 19971760 53.87 42.5 38.3 4.2 3.63 

*By assumption this percentage includes those movers who moved between 1966-71 but who 
failed to report their place of residence in 1966. 

Source:	 Based on 1971 Census, DBS 92-745, BuJJetin 1.5(5) and 196(( Census, DBS 92-610, 
Bulletin 1.10. 

To estimate the actual proportion of the population that made a 
move (of any type), as distinct from remaining at the same 
residence, census data on migrant characteristics have been used 
(see Appendix A). The data are presented in Tables 1 and 2. Note 
that these tables enable the moyer-stayer split to be calculated
about 40 percent of the population moved in sorne way between 
1966-71. The fact that the majority of these moves were intraprovin
cial is explained by the high probability that the number of effective 
moves is zero implied by À = .104. The final data requirement is a 
transition matrix for the moyers. This is obtained using the 1961 and 
1971 Census tables which report the numbers of interprovincial 
migrants over the five year periods. The diagonals are found by us
ing the known number of migrants who made intraprovincial moyes. 
Thus the matrix represents movers only-whether this move be an 
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effective move (interprovincial) or an intraprovincial move. These 
matrices are then normalized across the rows. 

Table 3 

PERCENTAGE OF FIVE·YEAR MOVERS WHO MOVED 
WITHIN PROVINCES, 1956-61 AND 1966-71 

Proportion of 1956 movers Proportion of 1966 movers 
that stayed in the same that stayed in the same 

Province province province 

1956-61 À 1966-71 À 

NFLD 89.92 0.106 82.70 0.1900 
PEI 76.92 0.262 71.75 0.3319. 
NS 81.53 0.204 80.33 0.2190 
NB 82.45 0.1930 79.60 0.2281 
Q 96.04 0.0400 94.00 0.0618 
0 94.96 0.0517 93.71 0.0650 
M 82.99 0.1864 9.11 0.2344 
S 80.42 0.2179 74.41 0.2956 
A 88.12 0.1265 84.85 0.1643 
Be 91.85 0.0850 92.21 0.0811 

Total 92.06 0.0827 90.12 0.1041 

Source: See Tables 1 and 2. 

Predicted interprovincial transition probabilities based on 
equation (3) are shown in Table 4 for 1956-61 and in Table 5 for 
1966-71. From these tables it is c1ear that, over time, the share of the 
population of the Atlantic provinces which moves to other Atlantic 
provinces increases. The probability of moving from the Atlantic 
provinces to Quebec, however, decreases. Ontario, Manitoba, 
Alberta and B.e. gain increased shares of the population of the 
Atlantic provinces. The probability of moving from Quebec to the 
Atlantic provinces increases but to Ontario, Manitoba and Saskat
chewan decreases. Ontario sends its migrants to the Atlantic pro
vinces, Alberta and B.e. but holds a decreasing proportion of its 
own population. Manitoba and Saskatchewan both send migrants to 
the Atlantic provinces, Ontario, Alberta and B.e. Migrants from 
Alberta move increasingly to the Atlantic, Alberta itself and Re. 
For B.e. the pattern is the same with the addition of Ontario. 



Table 4 
PREDICTED INTERPROVINCIALTRANSITION PROBABILITIES BASED ON 19S6 DATA 

THE MOVER/STAYER LIMITING DISTRIBUTION IS 

NFLD 0.7441 0.0007 0.0051 0.0048 0.0667 0.1002 0.0094 0.0069 0.0245 0.0375 
PEI 0.0021 0.7407 0.0052 0.0048 0.0672 0.1010 0.0094 0.0070 0.0247 0.0378 
NS 0.0026 0.0008 0.6923 0.0058 0.0812 0.1220 0.0114 0.0084 0.0299 0.0456 
NB 0.0025 0.0008 0.0060 0.7036 0.0781 0.1173 0.0110 0.0081 0.0287 0.0439 
Q 0.0033 0.0011 0.0081 0.0075 0.7005 0.1570 0.0147 0.0108 0.0384 0.0587 
0 0.0034 0.0011 0.0083 0.0077 0.1078 0.7450 0.0151 0.0112 0.0396 0.0606 
M 0.0033 0.0011 0.0079 0.0073 0.1019 0.1531 0.6203 0.0106 0.0375 0.0573 
S 0.0031 0.0010 0.0075 0.0070 0.0977 0.1469 0.0137 0.6321 0.0359 0.0549 
A 0.0038 0.0012 0.0092 0.0085 0.1197 0.1799 0.0168 0.0124 0.5810 0.0673 
BC 0.0037 0.0012 0.0091 0.0084 0.1174 0.1764 0.0165 0.0122 0.0432 0.6120 

TableS 

PREDICTED INTERPROVINCIALTRANSITION PROBABILITIES BASED ON 1966 DATA 

THE MOVER/STAYER LIMITING DISTRIBUTION IS 

NFLD 0.6619 0.0011 0.0087 0.0062 0.0530 0.1258 0.0108 0.0069 0.0352 0.0905 
PEI 0.0026 0.6930 0.0078 0.0056 0.0478 0.1136 0.0097 0.0062 0.0318 0.0817 
NS 0.0031 0.0011 0.6482 0.0066 0.0561 0.1332 0.0114 0.0073 0.0373 0.0958 
NB 0.0030 0.0011 0.0090 0.6534 0.0548 0.1303 0.0111 0.0072 0.0364 0.0936 
Q 0.0036 0.0013 0.0106 0.0076 0.6478 0.1539 0.0132 0.0084 0.0430 0.1106 
0 0.0037 0.0014 0.0109 0.0078 0.0666 0.7293 0.0135 0.0087 0.0443 0.1138 
M 0.0037 0.0014 0.0108 0.0078 0.0662 0.1572 0.5875 0.0086 0.0440 0.1130 
S 0.0036 0.0013 0.0107 0.0077 0.0655 0.1557 0.0133 0.5865 0.0435 0.1119 
A 0.0040 0.0015 0.0118 0.0084 0.0717 0.1705 0.0146 0.0094 0.5857 0.1225. 
BC 0:0042 0.0016 0.0124 0.0089 0.0758 0.1801 0.0154 0.0099 0.0504 0.6414 

• 
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These flows are now weighted by the initial distribution for 1956 
and 1966. The results are shown in Table 6 together with the initial 
distributions for comparison. 

Table 6 

INITIAL DISTRIBUTIONS AND THE DISTRIBUTION
 
PREDICTED USING EQUATION (5).
 

1956 1966 
Observed Equillbrium Observed Equilibrium 

Province 0/0 pop. 0/0 pop. 0/0 pop. 0/0 pop. 

NFLD 2.59 2.25 2.47 1.99 
PEI 0.62 0.57 0.54 0.51 
NS 4.33 3.77 3.79 3.50 
NB 3.46 3.16 3.09 2.77 
Q 28.84 27.60 28.95 23.48 
0 33.68 35.28 34.85 35.59 
M 5.30 4.67 4.82 4.11 
S 5.49 4.49 4.78 3.63 
A 7.00 7.59 7.33 8.33 
Be 8.71 10.61 9.38 J6.08 

It is clear from these results that in ail cases except for Quebec 
the equilibrium results based on 1956 data anticipated the direction 
if not the magnitude of the changes that actually took place by 1966. 
In all cases (except Quebec) the equilibrium values overestimate the 
size of change, whether positive or negative. This is understandable, 
as the forces inherent in the 1956 pattern could not be expected to 
have reached equilibrium by 1966. Non-stationarity prevents these 
forces from ever reaching an equilibrium, and so the values com
puted based on 1966 data differ substantially in magnitude but not 
in direction from those based on 1956 data. According to these 
predictions Ontario, Alberta and B.C. will all gain in their share of 
the total population. The model continues to predict a decreased 
share for Quebec despite the increase in the 1966 population. Ali 
other provinces will have a decreased share. The poor performance 
for Quebec can be explained by the fact that the model assumes that 
the current out migration from Quebec to other provinces will con
tinue at the same rate for many time periods. The actual 1971 
population share is a short mn figure and is not comparable, in this 
case, with the equilibrium figure. 

These results indicate that movement within the Atlantic pro
vinces increases but population share declines. Quebec is becoming 
increasingly isolated from the remaining provinces and the western 
provinces of Alberta and British Columbia are substantial gainers. 
These results, of course, are in terms of shares of sorne population 
total, and the actual population size is not determined. 



Table 7
 

DURATION OF RESIDENCE EFFECTS DUE TO HETEROGENEITY,
 
1956 DATA 

MOVER/STA YER MATRIX RAISED TO 8 

NFLD 0.9838 0.0001 0.0029 0.0011 0.0022 0.0076 0.0005 0.0003 0.0007 0.0008 
PEI 0.0014 0.9625 0.0064 0.0066 0.0031 0.0153 0.0008 0.0005 0.0020 0.0013 
N5 0.0012 0.0014 0.9638 0.0066 0.0041 0.0170 0.0012 0.0003 0.0014 0.0029 
NB 0.0008 0.0009 0.0045 0.9667 0.0100 0.0141 0.0006 0.0002 0.0011 0.0011 
Q 0.0001 0.0001 0.0004 0.0006 0.9899 0.0074 0.0003 0.0001 0.0005 0.0006 
0 0.0002 0.0001 0.0012 0.0009 0.0048 0.9866 0.0017 0.0007 0.0017 0.0021 
M 0.0002 0.0001 0.0009 0.0009 0.0026 0.0142 0.9583 0.0063 0.0074 0.0091 
S 0.0001 0.0001 0.0003 0.0002 0.0007 0.0065 0.0074 0.9537 0.0183 0.0128 
A 0.0001 0.0001 0.0005 0.0004 0.0017 0.0071 0.0031 0.0053 0.9661 0.0157 
BC 0.0001 0.0001 0.0009 0.0004 0.0014 0.0069 0.0023 0.0026 0.0091 0.9763 

MOVER/STAYER MATRIX FOR T = 8 

NFLD 0.9876 0.0001 0.0023 0.0008 0.0017 0.0058 0.0004 0.0003 0.0005 0.0006 
PEI 0.0011 0.9710 0.0050 0.0052 0.0024 0.0118 0.0006 0.0004 0.0016 0.0010 
NS 0.0009 0.0011 0.9719 0.0052 0.0031 0.0132 0.0009 0.0003 0.0011 0.0023 
NB 0.0006 0.0007 0.0035 0.9743 0.0077 0.0109 0.0004 0.0002 0.0008 0.0008 
Q 0.0001 0.0000 0.0003 0.0004 0.9923 0.0057 0.0002 0.0001 0.0004 0.0005 
0 0.0002 0.0001 0.0009 0.0007 0.0036 0.9897 0.0014 0.0005 0.0013 0.0016 
M 0.0001 0.0001 0.0007 0.0007 0.0019 0.0110 0.9676 0.0049 0.0058 0.0070 
S 0.0000 0.0001 0.0002 0.0001 0.0005 0.0049 0.0059 0.9640 0.0143 0.0099 
A 0.0001 0.0001 0.0003 0.0003 0.0013 0.0055 0.0024 0.0042 0.9737 0.0122 
BC 0.0001 0.0001 0.0007 0.0003 0.0010 0.0053 0.0017 0.0020 0.0071 0.9817 
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Finally, the 50 called duration of residence effect can also be 
produced using this model. In equation (2) the value of t can be 
varied to produce transition matrices associated with longer periods. 
Comparing these with the relevant power of the original matrix 
displays a duration of residence effect, see Tables 7 and 8. These 
tables show that by treating the moyer-stayer matrix as a Markov 
chain, the diagonal elements after 8 periods are fess than those ob
tained by taking heterogeneity into account; that is, compute equa
tion (1) with t = 8. 

Summary 
This part of the paper has discussed a model of interprovincial 

migration which takes heterogeneity into account. lt was shown that 
the introduction of heterogeneity also achieved a duration of 
residence effect through a phenomenon called "spurious contagion" 
by Feller (7]. The actual application of the model produced 
predicted f10ws which seem to conform to the real world. 
Equilibrium distributions of population shares, based on the data, 
predicted the direction of change of actual share over time for ail 
provinces except Quebec. FinallY' duration of residence effects aris
ing from heterogenei ty were shown to occur. 

Duration of Residence Effects 

The previous section discussed heterogeneity in the population and 
produced as a by-product a duration of residence effect. Attention is 
now explicitly directed towards duration of residence effects. 

The phenomenon of cumulative inertia can be incorporated in
to a probabilistic model of migration by specifying the distributions 
of times between moves. These distributions should be chosen to ex
hibit decreasing failure rates (DFR).3 This property of distributions 
is sometimes used to represent the Iife-span of machinery, but here 
the application is to the length of stay (LOS) at a place. Eaton and 
Whitmore [6] examine various distributions which exhibit the DFR 
property, and Barlow and Proschan (1, Ch. 3] provide theoretical 
background. Specific examples will be discussed below. First, 
however, the semi-Markov model is introduced. 

The Semi·Markov Mode) 
Semi-Markov models are studied in depth by Howard (9, Vol. II; 10] 
and are discussed in a geographical context by Ginsberg (13] and 
Gilbert [11; 12]. 

Su ppose that a process can be in any one of N states (i = 1, 2 
... , N,) and that each time it enters state i it remains there for a 
random amount of time having mean hi and then makes a transition 

JFailure l'ales are defined in Appendix B. 



Table 8 

DURATION OF RESIDENCE EFFECTS DUE TO HETEROGENEITY, 
1966 DATA 

MOVER/STAYER MATRIX RAISED Ta 8 

NFLD 0.9547 0.0005 0.0053 0.0027 00036 0.0279 0.0011 0.0004 0.0013 0.0024 
PEI 0.0016 0.9333 0.0151 0.0093 0.0046 0.0254 0.0019 0.0009 0.0036 0.0044 
NS 0.0024 0.0020 0.9453 0.0076 0.0045 0.0262 0.0017 0.0006 0.0034 0.0063 
NB 0.0014 0.0016 0.0102 0.9446 0.0099 0.0233 0.0017 0.0006 0.0027 0.0040 
Q 0.0003 0.0001 0.0008 0.0012 0.9800 0.0134 00006 0.0002 0.0011 0.0023 
0 0.0007 0.0003 0.0021 0.0014 0.0054 0.9793 0.0020 0.0008 0.0026 00053 
M 0.0002 0.0003 0.0015 0.0011 0.0037 0.0190 0.9317 0.0073 0.0138 0.0214 
S 0.0002 0.0001 0.0007 0.0004 0.0013 0.0097 0.0127 0.9180 0.0328 0.0242 
A 0.0002 0.0001 0.0011 0.0006 0.0018 0.0094 0.0038 0.0054 0.9468 Om08 
BC 0.0002 0.0001 0.0010 0.0005 0.0020 0.0089 0.0026 0.0025 0.0114 0.9709 

THE MOVER/STAYER MATRIX FORT = 8 

NFLD 0.9670 0.0004 0.0039 0.0020 0.0026 0.0205 0.0008 0.0003 0.0009 0.0017 
PEI 0.0012 0.9509 0.0114 0.0069 0.0033 0.0186 0.0014 0.0007 0.0026 0.0031 
NS 0.0018 0.0015 0.9598 0.0057 0.0033 0.0192 0.0012 0.0005 0.0025 0.0045 
NB 0.0010 0.0012 0.0076 0.9593 0.0072 0.0170 0.0012 0.0005 0.0020 0.0029 
Q 0.0002 0.0001 0.0006 0.0009 0.9855 0.0097 0.0004 0.0002 0.0008 0.0016 
0 0.0005 0.0002 0.0015 0.0010 0.0039 0.9850 0.0015 0.0006 0.0019 0.0038 
M 0.0001 0.0002 0.0011 0.0008 0.0027 0.0139 0.9496 0.0055 0.0102 0.0158 
S 0.0001 0.0001 0.0005 0.0003 0.0009 0.0070 0.0097 0.9390 0.0248 0.0177 
A 0.0002 0.0001 0.0008 0.0004 0.0013 0.0068 0.0028 0.0041 0.9608 0.0228 
BC 0.0001 0.0001 00008 0.0004 0.0014 0.0064 0.0019 0.0018 0.0084 0.9787 
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into state j with probability Pij. Such a process is called a semi
Markov process. Ross [20, p.201] points out that if the amount of 
time that the process spends in each state before making a transition 
is identical, then the semi-Markov process is a Markov chain. 

In a migration context the states occupied on successive transi
tions are governed by transition probabilities Pij and the time that 
the system will hold in state i before moving to state j is a random 
variable that can take on any positive value and hence is described 
bya probability density function hij. 

By analogy with Barlow and Proschan, [1, Ch. 4] LOS distribu
tions with failure rates decreasing on the average (see Appendix B) 
arise in a natural way in a migration context if it is considered that 
immunity to stress builds up with LOS as a result of the formation of 
a group of neighbours. For sorne portions of the population, 
however (see Morrison [16]), failure rates might weil increase on 
average with LOS, and this wou Id represent a system in which 
damage to the perceived desirability of an area builds up untila 
critical threshold is exceeded. Once the LOS distributions are 
specified the semi-Markov model can provide many useful measures 
associated with mobility (e.g. Gilbert [12]). Although lack of data 
prevents an actual application, it is possible to develop at least sorne 
of the model in the abstracto In particular, the connection between 
this method and moyer-stayer methods is explored, and future 
research will be directed towards applications. 

Length of Stay (LOS) Distributions 
It has already been noted that empirical evidence supports the con
cept of cumulative inertia. This effect can be modelled by specifying 
the LOS distributions with DFR. One particular distribution, a mix
ture of Gamma distributions, will be discussed. In this section the 
distribution and its failure rate properties are described. The follow
ing section discusses the connection between the mixed Gamma as 
a LOS distribution and a mixed Poisson decision process. 

Mixed Gamma Distributions 
Suppose that the LOS can be represented by a Gamma distribution, 

Àata - 1 
e- Àt t~O,À>O

h)JO (6)
r(a) a> 0, integer. 

Note that it is assumed that a is an integer. From the discussion of 
failure rates in Barlow and Proschan [1] this distribution has a con
stant (a = 1) or increasing (a > 1) failure rate. Since there is strong 
empirical evidence to suggest that LOS has a DFR, this is not very 
satisfactory. Recall, however, that there is also evidence for 
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heterogeneity in the population, and that Spilerman (22) has pro
posed using a mixture of distributions in the extended moyer-stayer 
mode!. This idea is now pursued in the context of the Gamma LOS 
dis tribu tion. 

Suppose the paramater Ain hA (t) varies throughout the popula
tion. Then if hA (t) is distributed as a Gamma density (with para
meters a and A) the mixture h(t) is 

Aata - 1 
h(t) = t e-ÀtdF(A). (7)o r(a) 

Suppose A is distributed throughout the population as a Gamma 
distribution, then it can be shown that 

co Aat a-l -Àt f3 CAC-l e-f3AdA 
h(t) J e-o ICa) i(c) 

ta - 1af3c 
(8)(c + ~ - ~,

(t +(3)a +c 

which has a mean af3/ (c-l). Furthermore, since a is an integer by 
assumption the survival probability (see Appendix B) can be written 

a-l (At)i -At -- eHA(t) L ., (9) 
1.i=O 

and the mixture of this distribution when A is distributed 
throughout the population is 

co a-l (At)i Cf3 Ac-l e-f3AdAR(t) J L -_e-Àt (10) 
o i=O il r(c) 

which can be shown to give 

a-l f3c(t)i ( . )L . c+l-lR(t) (11)
i=O (t+f3)I+c i 
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Failure Rate Properties 
From the definitions in Appendix B 

ta- 1a[3c (C+:-1) 
(t+[3)a +c 

r(t) (12)
a-l [3C( t)i 
l (C+~-l )

i=O (t+[3)l+C 

which is shown in Tables 9 and 10 for sorne values of a, [3 and c. This 
failure rate decreased, for most cases, monotonically. At any rate it 
decreases eventually for ail values. Following the discussion of the 
link with a mover-stayer model, it will be clearer how values of these 
parameters should be chosen. 

Table 9 

FAILURERATEPROPERTIES: a = 2, {3 = 2, c= 3 

T h(T) H(T) r(T) FRA 
1 0.395062 0.592593 0.666667 0.523248 
2 0.187500 0.312500 0.600000 0.581576 
3 0.092160 0.179200 0.514286 0.573084 
4 0.049383 0.111111 0.444444 0.549306 
5 0.028560 0.073303 0.389610 0.522631 
6 0.017578 0.050781 0.346154 0.496705 
7 0.011380 0.036580 0.311111 0.472608 
8 0.007680 0.027200 0.282353 0.450567 
9 0.005365 0.020764 0.258373 0.430506 

10 0.003858 0.016204 0.238095 0.412252 
Il 0.002844 0.012885 0.220736 0.395610 
12 0.002142 0.010412 0.205714 0.380397 
13 0.001643 0.008533 0.192593 0.366444 
14 0.001282 0.007080 0.181034 0.353605 
15 0.001014 0.005939 0.170778 0.341752 
16 0.000813 0.005030 0.161616 0.330774 
17 0.000659 0.004297 0.153383 0.320578 
18 0.000540 0.003700 0.145946 0.311079 
19 0.000447 0.003209 0.139194 0.302207 
20 0.000373 0.002800 0.133038 0.293900 
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Table 10 

FAILURE RATE PROPERTIES: a = 4, {3 = 4, c = 3 

T h(T) H(t) r(T) FRA 

1 0.020480 0.993280 0.020619 0.006743 
2 0.054870 0.954733 0.057471 0.023162 
3 0.073439 0.889153 0.082594 0.039162 
4 0.078125 0.812500 0.096154 0.051910 
5 0.075267 0.735389 0.102350 0.061471 
6 0.069120 0.663040 0.104247 0.068487 
7 0.061957 0.597475 0.103697 0.073577 
8 0.054870 0.539095 0.101781 0.077233 
9 0.048330 0.487550 0.099128 0.079818 

10 0.042499 0.442197 0.096109 0.081600 
Il 0.037392 0.402310 0.092944 0.082776 
12 0.032959 0.367187 0.089761 0.083490 
13 0.029126 0.336192 0.086636 0.083852 
14 0.025817 0.308761 0.083614 0.083942 
15 0.022956 0.284409 0.080716 0.083823 
16 0.020480 0.262720 0.077954 0.083542 
17 0.018331 0.243340 0.075330 0.083135 
18 0.016460 0.225966 0.072843 0.082632 
19 0.014827 0.210341 0.070489 0.082054 
20 0.013396 0.196245 0.068261 0.081420 

Relationship with Extended Mover-Stayer Model 
Spilerman [22] has discussed an extension to the mover-stayer model 
which allowed the parameter of the Poisson decision process to be 
distributed continuously throughout the population. The results 
show that 

t c+a-l
P[N(t) = al a ( [3 )C ( ) (13)- (t+{3) t+j3 a 

where as before [3 and c are parameters, and N(t) denotes the 
number of moves by time t, a negative binomial distribution. Next, 
let T be the time required to observe a occurrences of N(t), 

H(t) = P(T ~ t) = 1 - P(T > t) 

= 1 - P (fewer than a occurrences of N(t) in [0, t]) 

= 1- P(N(t) < a) 

(14) 

(15) 

(16) 

= 1 - a-1l 
i=O 

(' t ) i-
t+[3 

( [3 )C-
t+[3 

( )c + ! - 1 
1 

(17) 
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which gives H(t) as in equation (ll). Thus there is a dual relation
ship between the extended moyer-stayer model and the semi-Markov 
model with mixed Gamma LOS. The moyer-stayer model foc uses on 
the frequency of movement decisions, while the semi-Markov model 
focuses on times between moves. 

Conclusion 
This paper has presented two approaches to modelling weIl known 
facts about interregional migration. The first of these models-the 
moyer-stayer model-was presented as a means (a) of encompassing 
heterogeneous rates of mobility and (b) of giving directly a duration 
of residence effect. The results show that the model performs better 
than a crude Markov chain model. This model does not, however, 
have as much power as the semi-Markov model. Therefore, the 
semi-Markov model was briefly introduced, and it was shown that 
the semi-Markov model is in a sense the dual of the moyer-stayer 
model. In view of this duality it might be possible to use some data 
collected in moyer-stayer studies (such as Spilerman [22]) to fit the 
LOS distributions. 

Appendix A 

CALCULATION OF MOVER-STAYER PROPORTIONS
 
FOR BASE YEAR GIVEN PROPORTIONS
 

AT HORIZON YEAR
 

Census data for 1961 (DBS 98-509)* and 1971 (DBS 92-745) pro
vide the number of residents in a province in 1961 and 1971 (the 
horizon years) who over the preceding period lived elsewhere. The 
same information is required here for the base year. The transition 
matrices provide a cross classification by place of residence at the 
beginning and the end of the period (e.g., 1956-61 shows 1956 across 
rows and 1961 down columns). Therefore, using the known column 
totals (from horizon year census) the diagonals can be inferred. 
Then, summing across the rows provides the base year total movers. 
These can then be subtracted from known base year total popula
tions to estimate the number of non-movers. An example for On
tario, 1956-61 isgiven in Table Al. 

*Quoled in M. V. George, Internai Migration in Canada: Demographie Analyses 
(Ottawa: Dominion Bureau of Slalislics, 1970). 



Table AI 

CALCULATION OF MOVER-STAYER PROPORTIONS
 
ONTARIO 1956·61
 

1956 
Base Year Data 

NFLD 4980 
PEI 2410 intra- inter- total 
NS 18832 provo provo 
NB 12399 move move 

53941 
2093 1273 10118 7572 40629 2139754 15117 5964 14494 17542 2139754 114802 2254556 

19356 
S 8968 
A 12666 
BC 15154 

Q
o 
M 

1961 intra prov move 21397540 

Census inter provo move 148706 Horizon year data 
DBS 98-509 total 2288460 
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Appendix B 

DEFINITION OF FAILURE RATES 

Associated with the holding time density function is the cumulative 
distribution: 

P(T S; t) = H(t) = ft h(t) dt 

and the complementary cumulative distribution 

p(T > t) = 1 - H(t) = H(t) = fafh(t) dt. 

This is called the reliability or survival probability by Barlow and 
Proschan.* The conditional failure rate at time it is defined as: 

h(t)
r( t) Hm 

when h(t) exists and H(t) > O. Another useful measure is the failure 
rate average (FRA): 

FRA(t) = _ ~Iog H(t) 
t 
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