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Estimating Changes of Residence 
for Cross-National Comparison

The problems of temporal and spatial comparability of internal migration 
are linked to the ways it is measured and have been studied since the end of 
the nineteenth century (Ravenstein, 1885, 1889; Lee, 1966). They have been 
addressed through a number of models which attempt to link the count of 
migrants or migrations to the period of observation (Myers et al., 1967; Ginsberg, 
1972), and to the physical distance covered (Zipf, 1946; Hägerstrand, 1957). 
Some authors have employed a more sociological approach to measuring 
distance, as in the intervening opportunities model proposed by Stouffer (1940).

In 1973 Courgeau proposed a range of general models and parameters designed 
to summarize the effect of differing observation periods on internal migration 
rates (1973a; English version, 1979). In the same year (1973b) he examined the 
effect of space on migration rates and proposed an index capturing these effects. 
In practice, these models are closely related and can be applied to address the 
following questions: “Is the same temporal model appropriate for every kind of 
division of the territory and, if so, how do its parameters change with different 
levels of spatial disaggregation? Conversely, is the same spatial model appropriate 
for migration measured over different intervals and, if so, how do its parameters 
change?”. The two papers set forward some general answers to these questions.

The temporal model has been re-examined recently with more detailed 
and later data. Donzeau and Pan Ké Shon (2009), for example, showed that 
only by adopting the question “where were you living a year ago” at the census, 
is it possible to conduct robust investigation of sub-populations.(1) In addition, 
Royer (2009) concludes by saying:

(1) Surprisingly, the one year question was asked in just 31 countries in the 2000 round of national 
censuses (Bell et al., 2011).  In 2011 it was also the question adopted for the census in France.
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His [Courgeau, 1973a] results stand up remarkably well and his conclusions 
are largely confirmed, both for the shape of the migrant-migration 
relationship over time within the study period and for the order of 
magnitude of the main coeffi cients in this relationship, except for return 
migration.

The spatial model has been re-examined in the context of developing a 
suite of comparative measures of internal migration (Bell et al., 2002) and 
extended to a larger selection of countries in Europe (Rees and Kupiszewski, 
1999) and worldwide (Bell and Muhidin, 2009, and 2011). These analyses 
showed that it was possible to summarize the migration intensity of a large 
range of countries with the single index k and to compare their levels of mobility. 
Bell and Muhidin (2011) conclude:

It [the index k] enables contrasts to be drawn between countries with quite 
different zonal geographies. When used for trend analysis it automatically 
corrects for some aspects of boundary changes. It is simple to compute and 
can be implemented with only a small number of observations: indeed, it 
even provides a graphical space in which to situate countries for which only 
a single observation is available.

However, they also pointed to several limitations:

Most critical, perhaps, is that the index value k has no intrinsic or plain 
language meaning. Thus, k is not directly interpretable as a demographic 
indicator in the same form as the total fertility rate, life expectancy or 
migration intensity.

Courgeau (1973b, 1982) did not attempt to provide a precise defi nition of k 
or assess its international comparability, since the main focus was to examine 
the effects of population density and the geographic area on migration intensity. 
However, we will show here that the above criticism may be removed by coupling 
the index with a count of households and transforming the way we express the 
partitioning of space, to facilitate retrieval of the overall rate of residential mobility 
or change, which is the only internationally comparable index with a clear plain 
language meaning as advocated by Bell and Muhidin (2011). 

We fi rst summarize the hypotheses and main theoretical fi ndings of the 
methods derived from Courgeau (1973b). We then examine their validation 
by empirical measurements, and show how k can be adapted to generate this 
more satisfying “plain language” index, before concluding.

I.  Main hypotheses and theoretical fi ndings of the method

These fi ndings are the results fi rst, of theoretical reasoning, and second, 
of the practical application of these fi ndings to a number of countries.

The theoretical basis of this method is as follows: if, as we know to be true, 
there is a relationship between the propensity to move and distance, there 



ESTIMATING CHANGES OF RESIDENCE FOR CROSS-NATIONAL COMPARISON

633

must also be a relationship between the level of mobility and the number of 
zones dividing the territory. The problem is to determine this relationship. 

A great number of migration models have been used to summarize the 
relationship between migration and distance (Courgeau, 1970). However, the 
model most often verifi ed is a Pareto model defi ned as

 m r
K

ra
=( )  (1)

where m(r) is the probability of migration between two areas(2) at a physical 
distance r, with K and α being the parameters to be estimated from the observed 
fl ows. Hägerstrand (1957) found values of α varying from 0.4 to 3.3, but the 
majority of values are close to 2.0. This model has been verifi ed for a very large 
range of distances, extending from a hundred meters to thousands of kilometres 
(Jakobson, 1969). For these reasons we can initially set α = 2, and modify the 
results with different values of α if required.

Like all geographical studies, major challenges for migration analysis arise 
from the great variety of shapes and sizes of the zones into which territories 
are divided. These issues are commonly recognized as the Modifi able Areal 
Unit Problem (MAUP) and hinge on the fact that the number of migrants or 
migrations recorded in any spatial system, and hence the apparent migration 
intensity, is fundamentally dependent on the number of zones in a country 
and the shape of those spatial units. These are identifi ed as the scale and 
zonation dimensions of the MAUP (see Openshaw, 1984, Holt et al., 1996).

Here, we focus on the issue of spatial scale, and fi rst examine what occurs 
when the size and dimensions of each zone are uniform and the territory of 
simple shape (square or equilateral triangle). In this instance, if one side of 
the territory is divided into n parts, the territory as a whole will be divided 
into n2

 zones. Under these theoretical conditions, it can be shown, (Courgeau, 
1973b) that the crude migration intensity (CMI), measured by the number of 
migrants or migrations which cross at least one boundary between n2 zones, 
divided by the total population at risk, is equal to

 CMI k n k n= =ln( ) ( )ln2 2  (2)

where the parameter k is proportional to the density δ and the previous 
parameter K. This result holds for both square and triangular zones and appears 
to be independent of zonal shape. 

The derivation of equation (2), originally presented in Courgeau (1973b, 
French version), is elaborated in Appendix 1. There, we also demonstrate 
refi nements to equation (2) as two key assumptions are relaxed. The fi rst 
concerns the considerable variation of population densities in a country. When 
we introduce a variation in density (δ) the equation becomes

(2) The areas in this instance are intended to be very small, so that their populations will not have 
to be taken into account in the model (each area containing only one individual).
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 CMI k n b= ′ +ln( )2  (3)

introducing a non-zero intercept, b, on the intensity axis, as n cannot be equal 
to 1. As discussed in the next section, this equation was estimated for a number 
of countries in Bell and Muhidin (2011). 

The second refi nement involves modifying the distance-decay parameter, 
α, in equation (1), originally set at 2.0, such that 

 m r
K

r
=

α( )

Equation (2) then becomes

 CMI k
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where ′′ =k k
S

aα
 (5)

These theoretical results show that the relationship between the level of 
mobility and the number of zones into which the space is divided seems to be 
quite simply related to the zoning of the territory. In the following section, we 
examine if these results are verifi ed by empirical measurement of migrations 
in countries with different zonal systems. Prior to that analysis, however, it is 
also important to consider the temporal dimension of migration. 

Migration can be measured in different ways, but the two most common 
approaches measure changes of residence either as transitions or as events. 
Migration events are typical of population registers which record all the internal 
migrations made by the observed population. Transitions, on the other hand, 
are commonly associated with censuses, which simply compare the places of 
residence of individuals at the beginning and end of a specifi ed time interval. 
This is commonly one or fi ve years, but some countries use other intervals 
(Bell et al., 2002). Transition data indicate the number of migrants, rather than 
the number of migrations. 

Data on migrations present no diffi culties for comparison, provided they 
are measured during the same general period. In contrast, data measuring the 
number of migrants need to be based on similar observation intervals, for 
example one year or fi ve years,(3) to ensure comparability (Bell et al., 2002). As 
the observation interval lengthens, the data are increasingly affected by return 
and repeat migration, the incidence of which may vary between countries 
(Long and Bortlein, 1990; Rogerson, 1990). Is it possible to eliminate this effect 
and to determine a comparable instantaneous or annual(4) migration rate? 

(3) For lifetime migrants no clear comparison is possible.

(4) If the best measure is an instantaneous migration rate, the use of an annual migration rate 
will be very similar. The numbers of migrants and migrations will be quite similar over a one-year 
period.
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The migrant-migration model proposed by Courgeau (1973a), derived 
from the mover-stayer model (Blumen et al., 1955), permits this elaboration, 
based on fi xed probabilities of repeat and return migration. Originally 
presented in French (Courgeau 1973a), the model is set out in detail in 
Appendix 2. The one-year/fi ve-year problem has also attracted attention 
from other analysts (Kitsul and Philipov 1981, Rogers et al. 2003). Most 
recently, Nowok (2010) and Nowok and Willekens (2011) used probabilistic 
methods to chart the ratio of transitions measured over different intervals 
at various levels of migration intensity, in the context of the broader issue 
of harmonizing migration data on various temporal dimensions for European 
Union member states. While these contributions reveal the theoretical links 
and empirical parameters surrounding temporal measures of migration, 
there is no straightforward means to harmonize migration data measured 
over different intervals. In what follows, we therefore focus on data measured 
over similar intervals. 

II.  Validation of the spatial model by empirical measurement

The fi rst test of the spatial model was made by Courgeau (1973b) for 
11 countries around the world. The numbers of zones for which data were 
available ranged widely, from 37,962 to 22 zones in France for example, and 
from just 32 to 8 zones in Mexico. No correction was made for differences in 
the observation intervals for these measurements, which extended from one 
year (Japan, West Germany), to fi ve years (Great Britain, United States) and 
to lifetime migration in India and Tunisia.

Under these conditions the test was not made to compare migration between 
countries, but only to verify the validity of the model under differences in 
zoning of the territories. The model was generally well verifi ed. The countries 
giving the worst fi t were India and Tunisia, which used lifetime migration.

In the same paper the author tried to eliminate differences on the temporal 
scale for three countries (France, Great Britain and the United States) in order 
to generate more comparable results. He used the migrant-migration model 
(Courgeau, 1973a) to harmonize the observation interval for the three countries 
to fi ve years. The three countries ranked from low to high mobility in the same 
order, the index for the United States being 38% higher than that for France.

A more rigorous test was made by Courgeau (1982) comparing France 
(1968-1975) and the United States (1970-1980), in which instantaneous 
probabilities of migration were estimated, again using the migrant-migration 
model, with the same age structure for the two countries.(5) With those corrections, 
the mobility index was 64% higher in the United States than in France. 
Comparison with the previous result, even though the observation period was 

(5) The effect of the correction for age structure was negligible.
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not exactly the same (the previous data were from the 1960s), shows the 
importance of using instantaneous probabilities rather than fi ve-year rates. (6)

Rees and Kupiszewski (1999) extended the application of equation (3) to 
compare migration intensities across ten European countries, using a mix of 
census and register data adjusted to single year intervals. In many cases data 
were available for only two spatial divisions. Nevertheless, they were able to 
identify distinctive differences between countries, with Norway, the Netherlands 
and Great Britain returning the highest values (k’ > 0.5), followed by Portugal 
(k’ = 0.4), then Estonia, the Czech Republic, Romania and Italy (k’ < 0.33). Of 
the ten, only the Netherlands, Romania and Germany showed an increase in 
mobility over the decade 1984-1994, the latter consequent on unifi cation in 
1990 (Rees and Kupiszewski, 1999). 

More recently, Bell and Muhidin (2011) undertook a comparison for 
27 countries by using census data drawn mainly from the Integrated Public 
Use Microdata Series (IPUMS). They focused primarily on fi ve-year migration 
intensities, since this is the fi xed interval for which data are most commonly 
collected in censuses around the world, and compared the regression lines 
given by equation (3), in this case reporting on the x-axis the logarithm of the 
square of the number of regions. They estimated the parameter k computed 
when constraining the regression analysis to pass through the origin, set out 
the coeffi cient of determination R² as a measure of goodness of fi t, and also 
reported the fl oating intercept calculated when the regression was unconstrained, 
for which they gave a possible explanation to which we return below. The 
results presented in Table 1 for the 17 countries with fi ve-year transition data 
indicate a close linear relationship with most R² values varying between 0.89 
and 0.99, though these were based on a small number of observations, 
corresponding to migrations between standard levels of statistical geography 
in each country (e.g. districts, counties, communes). Three countries – the 
Philippines, South Africa and the United States – gave a poorer fi t, though, as 
will be shown below for the United States, a much better result is obtained 
using the 2000-2005 Current Population Surveys (CPS) data (R2=0.9992), with 
a larger number of zonings.(7) The values of k in Table 1 are not directly 
comparable with those reported in the studies by Courgeau (1973b, 1982) and 
by Rees and Kupiszewski (1999) because they are based on data measured over 
different intervals. Nevertheless, Bell and Muhidin (2011) were able to clearly 
differentiate mobility levels among the mass of countries using the k’ values. 

(6) This is particularly signifi cant because inter-communal annual mobility in France (Baccaïni 
et al., 1993) increased from 3.89% to 4.11%, during the 1962-1982 period, and residential mobility 
in the United States decreased slightly from 19.6% to 17.2%, during the 20 years 1961-1980 (Current 
Population Survey). The measurement during a longer period of fi ve years reduces the differences 
observed for shorter periods, due to different parameters in the migrant-migration model.

(7) Migration data used in Bell and Muhidin (2011) were derived from censuses, including the 2000 
census for USA. The zoning was restricted to 3 zonal systems: Region, Division and State, whereas 
the CPS data report fi ve levels of spatial disaggregation.
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The countries where the population was found to be most mobile were South 
Africa and Chile, followed closely by Costa Rica, the United States and Australia. 
Vietnam, the Philippines, Indonesia and China clearly emerged as countries 
with lower mobility. 

Table 1. Courgeau’s k and R2 for selected countries, 
census fi ve-year transitions

Country Five years ended k R2 Floating intercept

Africa

Ghana 2000 1.320 0.903 1.176

South Africa 2002 3.006 0.819 –6.918

Asia

China 2000 0.864 0.994 –2.100

Indonesia 2000 0.676 0.963 –0.621

Malaysia 2000 1.656 0.988 0.689

Philippines 2000 0.674 0.674 1.310

Vietnam 1999 0.806 0.890 –0.081

Latin America

Argentina 2001 1.148 0.998 0.242

Brazil 2000 1.308 0.972 –0.556

Chile 2002 2.910 0.895 –4.456

Colombia 2005 1.060 0.942 1.107

Costa Rica 2000 2.536 0.964 1.303

Ecuador 2001 1.728 0.984 0.799

Developed countries

Australia 2006 2.478 0.988 –1.004

Canada 2001 1.974 0.959 –1.042

Portugal 2001 1.514 0.904 –2.593

USA 2000 2.534 0.570 2.800

Note: Bell and Muhidin (2011) reported computed values of k based on the square of the number of zones. 
The values of k reported in this table have been recalculated based on the number of zones in place of the 
number of zones squared, to facilitate comparison with earlier work cited in the text.
Source: Modifi ed after Bell and Muhidin (2011), and Current Population Survey (2005).

Bell and Muhidin (2011) also applied the model to lifetime migration and 
showed that the broad sequencing of geographic regions was maintained and 
the R² values remained strong, counter to the previous results obtained by 
Courgeau (1973b) for India and Tunisia. Applying the model to both fi ve-year 
and lifetime migration over the previous 40 years provided a window on 
temporal trends, but showed some surprising results: a decline for 5-year 
migration intensities and an increase for lifetime migration for a majority of 
countries. They explain these differences as follows:

Our interpretation of these disparate trajectories in the two measures is that 
contemporary trends in inter-regional migration are continuing to generate 
displacements in the pattern of human settlement throughout the world, as 
captured in the lifetime measure, but that these increases are occurring at a 
decreasing rate.
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They concluded that a more realistic picture of contemporary trends is 
provided by examining intensities measured over a succession of fi xed intervals, 
and ideally such comparisons should be based on data for a single year interval 
to eliminate the effect of unknown time parameters, which are excluded when 
using an instantaneous rate. Unfortunately the absence of the necessary data 
to apply a migrant-migration model did not allow them to eliminate this effect 
in the results presented here.

III.  Linking the parameter k to the probability 
of a residential move

We have established from the theoretical model that the parameter k is 
linked to different characteristics of migration: to the parameter K of the Pareto 
model, to the exponent α of the same model, to the mean density of population 
of the country, which is more specifi cally proportional to the population of 
the country and conversely proportional to its area (Courgeau, 1973). This 
combination of parameters makes it diffi cult to provide a simpler exposition. 
Bell and Muhidin (2011) also concluded that the parameter k itself has no 
intrinsic plain language meaning. However, we can arrive at a practical solution 
by approaching the use of k in a different way.  

We start with the observation that the probability of a residential move in 
a country is the percentage of people changing residence, that is, moving from 
one household or dwelling to another. If equation (2) is verifi ed, this leads to 
a simple relationship between the parameter k, the logarithm of the average 
number of households, Hn, per zone for a particular partitioning of space, n2, 
the total number of households, H, and the probability of a move in this 
partitioned space. As we know that 

 n
H

Hn

2 = , we can write

 CMI k
H

H
k H HH

n
nn

=
⎛

⎝
⎜⎜

⎞

⎠
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where the average number of households per zone i is calculated as 
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=
=
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Now, when each household occupies a separate zone, Hn is equal to 1. In 
that case the probability of a residential move will be 

 CMI k HH = ( )ln  (8)

so that

 k
CMI

H
H= ( )ln

 (9)
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From this equation we can defi ne k as the probability of a residential move 
divided by the logarithm of the total number of households, and more generally 
from equation (6), as the probability of a move between zones divided by the 
logarithm of the number of zones, since 

 k
CMI

n

Hn=
ln 2( )

It follows that when we have no direct measure of the overall probability 
of an individual changing their place of residence, we may estimate this 
aggregate crude migration indicator (which we designate here as CMIH) using k, 
provided we also have a count of the total number of households. Will it still 
be possible to derive a reliable indication of this overall migration intensity if 
the assumptions underpinning this simple relationship are not verifi ed?

Some insight into this question can be derived by comparing the results 
obtained from directly measuring this index, where such data are available, 
against its value estimated by equation (6). We can fi rst use the results obtained 
in Courgeau (1982), taking a different perspective on the data, to see if this 
point is verifi ed.

Figure 1 shows the relationship between the instantaneous mobility rates, 
derived from the migrant-migration model, at different levels of spatial 
disaggregation, and the logarithm of the average number of households in each 
area, for 1970-1980 in the United States, and for 1968-1975 in France. The 
regression lines and their equations are also given, with the corresponding R² 
values. In the case of France we have four observations for the CMI corresponding 
to migration between regions (n = 22), departments (n = 95), communes (n = 36,394) 
and households (16,814,000), whereas for the United States the zonal systems 
are states (51), counties (3,084) and households (71,120,000). Note that the key 
innovation in this approach is that the units on the x-axis are now expressed in 
terms of the average number of households per zone (logged), in place of the 
number of zones (logged), as in Courgeau (1973b) and in Bell and Muhidin 
(2011). As a result, the y-intercept now represents the implied crude aggregate 
migration intensity CMIH, since when each household occupies its own individual 
zone, household/zones = 1 and ln(household/zones) = 0.  

The linearity of the relationship is strongly verifi ed with values of R² greater 
than 0.995 for both countries. We can then recalculate the equations, this time 
excluding individual mobility, to estimate CMIH, as though this fi gure were 
not available. For France we obtain a value of 9.73, which is very close to the 
observed value of 9.74, while for the United States the calculated value is 17.87, 
compared with an observed value of 18.30. We may hypothesize that the 
superior results for France are at least in part a product of the larger number 
of data points (4 zonal systems) than are available for the United States (3 zonal 
systems), and this interpretation is further supported by estimates for the 
period 2000-2005, where equation (6), computed over 5 data points, delivers 
an estimated CMIH of 38.23, compared with the observed value of 38.08.
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Figure 1. Migration probabilities by zonal system, for the United States 
(instantaneous for the period 1970-1980, and fi ve-year for the period 

2000-2005) and France (instantaneous for the period 1968-1975)
Migration probability (%)
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Source: Courgeau (1982), Current Population Survey (2005). 

The use of annual mobility rates leads to a slightly lower estimate of the 
overall probability of changing residence, but has the advantage of being less 
distorted by multiple or return moves in such a short period. Application of 
the same approach to fi ve-year or lifetime mobility will generate estimates 
of aggregate mobility in a similar fashion, but they are more dependent on 
multiple and return moves and therefore less reliable for international 
comparison. As indicated earlier, comparability depends on the parameters 
of the migrant-migration equation, which may be very different from one 
country to another.

We now have to examine what occurs when relationship (2) is not 
verifi ed, and to establish whether a mix of the estimated parameters can 
be defi ned to retrieve the probability of a residential move. When a variation 
in density is introduced, it becomes necessary to use two parameters in 
model (3). This may also occur for other reasons, as found by Bell and 
Muhidin (2011):

Other things being equal, positive intercepts imply a greater tendency towards 
long-distance migration than might otherwise be expected (since they are 
driven by higher intensities over smaller levels of disaggregation), whereas 
negative intercepts suggest that migration over long distances is less prevalent 
than expected, given the level of mobility over shorter distances.
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In this case, the previous relationship (6) becomes:

 CMI k H bH = +ln( )  (10)

and again allows straightforward estimation of the probability of a residential 
move when an independent measure of overall residential mobility is not 
available from the census. 

We can illustrate the implementation of this model using data for three 
countries (Cambodia, Canada and Portugal) for which we have one-year 
migration data from IPUMS at three or more levels of spatial disaggregation, 
as needed to estimate two parameters,(8) and two countries with population 
registers (Belgium and the Netherlands: see Courgeau et al., 1989). Table 2 sets 
out estimates of the CMIH values and the R² values of the linear regression. For 
Cambodia and Portugal there are no observed values against which to assess 
these estimates. However, the Canadian census collects information on all 
moves, delivering a fi gure of 13.43%, which is substantially higher than the 
estimate of 10.15% derived from equation (7). This underestimate by equation 
(7) may be due to the use of an exponent equal to 2 in the Pareto model, less 
strongly supported by the Canadian data. In contrast, for Belgium and the 
Netherlands, the estimates are very close to the observed values.

Table 2. Estimation of the CMIH index (%) 
and the R² values for the linear regression

Country Number of zones Estimated CMIH Measured CMIH R²

Cambodia (1998) 3 10.42 – 0.951

Canada (2001) 3 10.15 13.43 0.981

Portugal (2001) 4 8.51 – 0.945

Belgium (1983) 3 10.01 10.04 0.950

Netherlands (1983) 4 10.04 10.59 0.996 

Source: Courgeau et al. (1989), Bell and Muhidin (2011).

If, as in the case of Canada, the log-relationship is not linear, this may call 
for an exponent other than 2 in the Pareto migration law. In this case, provided 
that data are available for a suffi ciently large number of zoning systems, it is 
possible to estimate the parameters ′′′ = ′′ ( )k k f α  and α given in equation (4). 
The previous relationship then becomes:

 ln ln( )1 2−
′′′

= −
CMI

k
HH α  (11)

and again allows an estimate of the probability of a residential move. Such an 
estimation is more complex than elaborated above, but as there are always two 
parameters to estimate, it has the same precision.

(8) For Canada and Portugal, the data are collected as migration transitions, while for Cambodia 
the estimates use the question on duration of residence.
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Conclusion

We have been able to show that while the parameter k alone may not 
represent a clear, plain-language index of internal migration, combining k with 
other parameters, estimated from linear or nonlinear regression, generates a 
measure of the overall probability of changing residence which is internationally 
comparable. However such comparisons need to be made over a short period 
of time (instantaneous if using a migrant-migration model or otherwise using 
transition data for a single year). Multi-year or lifetime measures of migration 
inevitably introduce additional parameters that compromise international 
comparability. In the case of a multi-year transition period it is necessary to 
estimate the parameters of a migrant-migration model which will vary according 
to the country under observation. For lifetime migration, there is no 
straightforward solution because migration intensity accrues over individual 
lifetimes and is therefore dependent upon population age composition as well 
as on the ever-changing propensity for return and repeat migrations. 

We have also argued that to provide a sound estimate of the probability 
of changing residence using this approach we need a large number of observations, 
corresponding to multiple levels of zonation. Two zonings will not permit a 
reliable estimate of this probability when two parameters need to be estimated, 
and a larger number of zonal systems is to be preferred. It is also useful to note 
that migrations are measured on the basis of administrative zones which, 
having a social reality, obey stronger regularities than random zones. Finally, 
while it is always possible to create different zonings based on existing areas, 
it is not possible to create zonings smaller than the one corresponding to the 
smallest area, for example in France, communal zoning. 

The approach proposed in this paper needs to be tested further to confi rm 
the validity of the model and the precision of the resulting estimates. One 
avenue worthy of exploration is to use models other than the Pareto, such as 
an exponential or a logarithmic-normal distribution (Kulldorff, 1956). Ultimately, 
however, it seems likely that an index capturing the overall probability of the 
propensity to change residence is the only reliable way to compare internal 
migration between countries. Its development therefore merits further scrutiny 
in the pursuit of a more rigorous understanding as to why levels of mobility 
differ between countries. 
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Appendix 1. The main hypotheses and results 
for the theoretical spatial model used

We can fi rst examine what occurs when we have a square territory with 
one side equal to a, with a total population, P, uniformly distributed and

a total area, S = a2: the population density will be equal to

  δ = =P

S

P

a2
. 

The whole territory is divided into n2 zones.

Under these theoretical conditions, we also have to consider that migrations 
which do not cross the boundaries of a zone will not be registered, and that 
the frontiers of the whole country impose constraints which depend on the 
point of departure.

Let us fi rst estimate the probability that:

1) two points P1,
 P2 being randomly chosen in the country are in different 

areas;

2) the distance between them lies in the interval (r, r + dr);

3) the angle between a given vector Ox and P1P2 will lie in the interval 
(α, α + dα).

For n = 2, Figure A.1.1 gives two cases, out of four different cases, of areas 
from which a migration may be recoded (fi rst constraint) and is possible (second 
constraint) obtained from the translation (r, - α) in a polar coordinate system.

Appendix fi gure A.1.1: Territory divided into four zones with the areas 
from which a migration may be recorded, by migration distance
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Case 2: 
r cos a > a/n, r sin a > a/n
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Source: Courgeau (1973b)
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For the areas in this diagram, the probability to be estimated is:

 p
S

S

S S

S

S r

S

r dr d

S S

r dr d

S
Si

i

n
i i

i i

= ×
−

× ( ) ×
−

= ×
=
∑
1

2

2

,α α α
ii

i

n

r,α( )
=
∑
1

2

 (1)

The value of the function Si (r, α) differs in each case. 

When r a ncosα <  and r a nsinα <  we have to introduce two constraints, 
so that

S r S r a r a r n
a

n
ri

i

n

, , cos sin cα α α α( ) = ( ) = −( ) −( ) − −
=
∑
1

2

2

oos sin

cos sin

α α

α α

⎛

⎝
⎜

⎞

⎠
⎟ −
⎛

⎝
⎜

⎞

⎠
⎟

= −( ) +( ) − −

a

n
r

a n r n1 2 11 2( ) r cos sinα α
 (2)

When r a ncosα ≥  or r a nsinα ≥  the second constraint no longer applies 
so that

 S r a r a r0 , cos sinα α α( ) = −( ) −( )  (3)

Since the law of migration is independent of the direction of the move, 
integrating equation (1) according to α delivers the probability that:

a) two points randomly chosen in S will lie in two different areas, and

b) the distance between these two points will lie between r and r + dr.

We now have to distinguish different cases according to the value of r.

When 0 ≤ <r a n the two constraints apply irrespective of the direction of 
the move, so that this integration leads to

 f r dr
r dr

S
S r d

dr

S
a n r n1 2

0

4

2

2 28
8 1 2 1( ) = ( ) = −( ) − −(∫

π

α α, ))⎡
⎣

⎤
⎦r3   (4)

When a n r a n≤ < 2  the angle ϕ = Arccosa nr distinguishes between the 
case when both constraints apply ( )ϕ α π≤ ≤ 4  and the case when only the 
constraint imposed by the territory boundaries will apply 0 ≤ <( )α ϕ  so that

f r dr
r dr

S
S r d S r d2 2 0

4
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2
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22 2 24r a r+ ⎤⎦

 (5)

When a n r a2 ≤ < , only the constraint imposed by the territory boundaries 
will apply, so that

 f r dr
r dr

S
S r d

dr

S
a r a r r3 2 0

0

4

2

2 2 38
2 8 2( ) = ( ) = − +(∫ ,α α π

π

))  (6)

Finally, when a r a≤ ≤ 2 , no internal migration may occur, so that

f r dr
r dr

S
S r d
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S
a r4 2 0
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Now introducing the law of migration m r
K

r
( ) =

2
, we obtain the number 

of recorded migrations, M n2( ) :

M n
K

r
f r dr

K

r
f r dr

K

r
f r dr

K

r
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⎦
⎥
⎥
  (8)

The last integral is independent of n; the other three functions are easy to 
integrate with the exception of 

 
1

r

a

nr
Arccos

which appears on the second integral, but substituting the variable s nr=1  
this becomes:

 − ( )∫ 1

1

1 2

s
as ds

a

a

Arccos  (9)

which is independent of n. 

After integration, this leads to the very simple equation:

 M n
K P

S
C a n2

2

2

22( ) = +( )π ln ( )  (10)

When n = 1 and we are considering the whole country, then the number 
of internal migrants is zero. We deduce that C = 0 and equation (10) becomes

 CMI n
M n

P
K n2

2

2( ) =
( )

= ( )πδ ln  (11)

When we consider a triangular territory, a similar calculation leads to the 
same equation, which suggests that the relationship (11) holds when a territory 
is divided into areas of the same shape and size.

Let us now always consider a square territory, but this time divided in two 
rectangular areas of different densities, δ1 and δ2. A similar calculation leads 
to a slightly different equation:

 CMI n
M n

P
K n2

2

1 2
1
2

2
2

1 2

2

2( ) =
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= +( ) +
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1 2
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⎣
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⎤

⎦

⎥
⎥ (12)

In this case the number of square areas considered will be a multiple of 4, 
and the equation will no longer hold for n = 1. We can also easily verify that 
when δ1 = δ2 = δ, we again derive equation (11).

If we now introduce a value for α different from 2 but retain square zones 
with constant density, and replacing K

r2
 by K

rα
 in equation (8) after integration, 

this becomes: 
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 CMI n
M n

P

KP

a n
f2

2

2
1

1( ) =
( )

= −
⎛

⎝
⎜

⎞

⎠
⎟ ( )−α α

α  (13)

where f(α) is a function of α, independent from K, a and n. However when α  
remains close to 2.0 we can write:

 1
1
2

2−
⎛

⎝
⎜

⎞

⎠
⎟ = ( ) + ( )−n

n g n
α

αln ,  (14)

where g n,α( )  is infi nitesimally small as α tends to 2, and the equation (13) 
will again closely approximate equation (11).

Appendix 2. The main hypotheses and results 
for the theoretical temporal model

Let us examine the hypotheses that lie behind the migrant-migration model 
(Courgeau, 1973a) which is derived from the mover-stayer model (Blumen 
et al., 1955). 

First, the basic hypothesis of the mover-stayer model is that only a fraction, 
K, of a population that has made a previous migration is at risk of making a 
subsequent move. Its specifi c application to a group which had already made 
a migration, leads to the probability of making a new move, μ, independent of 
the order of that move. Such a hypothesis has been widely verifi ed. Other 
assumptions of the migrant-migration model suppose that the instantaneous 
migration rate, m, in the total population, P, is time-invariant during the period 
of observation, and that return migrations form a constant proportion, l, of 
the migrations of order greater than one. These assumptions are very often 
verifi ed for short periods of time.

Under these assumptions, over a very short interval (θ, θ + dθ) this population 
will make P m dθ migrations. Under the mover-stayer model, only a proportion 
of these movers will go on to make a new migration: P m K dθ . Let us consider 
the distribution over time of these additional moves. During the time interval 
(t, t + dt) these migrations will satisfy the following equation:

 
d M t

PmK d M t
dt

n

n

( )⎡⎣ ⎤⎦
− ( ) =

θ
μ  (1)

where Mn(t) represents the new migrations occurring between θ and t. Integrating 
this equation between θ and t we obtain this number of migrations, then by 
varying θ between an initial point in time (0) and a fi nal point in time (t) we 
obtain an estimate of total new migrations occurring in this period:

 PmK t d PmK t t
t

1
1

1
0

− − −{ }( )⎡
⎣

⎤
⎦ = − − −{=

=∫ exp expμ θ θ
μ

μ
θ

θ }}( )⎡

⎣
⎢

⎤

⎦
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Assuming there is no return migration, then by calculating the difference 
between the total migrations recorded during this period (M(t) = P m t) and 
these multiple migrations, we obtain a fi rst estimate of the number of migrants 
during the period:

 ′ ( ) ( ) { }( )⎡

⎣
⎢

⎤

⎦
⎥= − + − −m t Pm K t K t1 1μ μexp  (3)

and then introducing return migrations as a constant proportion, l, of the 
migrations of order greater than 1, we obtain a fi nal estimate of the number 
of migrants:

 m t Pm K l t
K l

t( ) = − +{ }( ) +
+( ) − −{ }( )

⎡

⎣
⎢
⎢

⎤

⎦
⎥
⎥

1 1
1

1
μ

μexp  (4)

In order to estimate the parameters of this model we need data from detailed 
migration surveys, as in France (Courgeau, 2006), or from censuses measuring 
the number of migrants during different time periods, as in the United States 
(Long and Boertlein, 1990). With these parameters we can compare migration 
across a number of countries.
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Daniel COURGEAU, Salut MUHIDIN, Martin BELL • ESTIMATING CHANGES OF RESIDENCE 
FOR CROSS-NATIONAL COMPARISON

This short paper considers a number of temporal and spatial models that can be used for international comparison 
of internal migration levels across all countries of the world.  First, among the various spatial models used, the 
model linking migrations to the zoning of the territory provides a simple summary of this relationship, but its 
parameters do not have a clear plain language meaning for international comparison. Second, the “migrant-
migration” model derives an instantaneous rate based on migrant numbers measured over variable durations 
that is independent of multiple and return moves occurring over a longer interval.  International comparison 
is thus only possible for the instantaneous mobility rate (change of residence), a standard indicator whose 
meaning is clear. The authors use numerous examples to show that the simultaneous use of both types of 
models provides a means, under certain conditions, to approximate such a rate, that can be linked to the 
parameters of these models. The validity of these models can be tested and confi rmed using data from countries 
where direct measures of changes of residence are available.  

Daniel COURGEAU, Salut MUHIDIN, Martin BELL • ESTIMER LES CHANGEMENTS 
DE RÉSIDENCE POUR PERMETTRE LES COMPARAISONS INTERNATIONALES

Cet article envisage divers modèles, tant spatiaux que temporels, afi n de permettre une comparaison internationale 
des niveaux de migration interne entre tous les pays du monde. En premier lieu, parmi les divers modèles 
spatiaux utilisés, le modèle reliant les migrations aux découpages du territoire permet de résumer simplement 
cette relation. Mais ses paramètres n’ont pas de signifi cation claire pour une comparaison internationale. En 
second lieu, le modèle « migrant-migration » permet de ramener des effectifs de migrants, mesurés sur des 
périodes variables, à un taux instantané indépendant des migrations multiples et des retours survenant sur 
une période plus large. Dès lors, une comparaison internationale n’est possible que pour les taux instantanés 
de changement de logement, indicateur classique dont la signifi cation est claire. Les auteurs montrent à l’aide 
de nombreux exemples que l’utilisation simultanée des deux types de modèles permet, sous certaines conditions, 
d’estimer de façon approchée un tel taux, que l’on peut relier aux paramètres de ces modèles. Dans certains 
pays, où l’on dispose d’une mesure directe des changements de logement, la validité des modèles peut être 
testée et confi rmée. 

Daniel COURGEAU, Salut MUHIDIN, Martin BELL • ESTIMAR LOS CAMBIOS DE RESIDENCIA 
PARA PERMITIR LAS COMPARACIONES INTERNACIONALES

Este artículo considera diversos modelos, tanto espaciales como temporales, a fi n de obtener una comparación 
internacional de los niveles de migración interna, entre todos los países del mundo. En primer lugar, entre los 
diversos modelos espaciales utilizados, el modelo que asocia las migraciones a las divisiones territoriales 
permite resumir simplemente esta relación. Pero sus parámetros no tienen una signifi cación clara en una 
comparación internacional. En segundo lugar, el modelo “migrante-migración” permite reducir los efectivos 
de migrantes, medidos sobre periodos variables, a una tasa instantánea independiente de las migraciones 
múltiples y de los retornos acaecidos durante un periodo más amplio. Así pues, una comparación internacional 
solo es posible sobre las tasas instantáneas de cambio de residencia, indicador clásico de clara signifi cación. 
Con la ayuda de numerosos ejemplos, los autores muestran que la utilización simultánea de los dos tipos de 
modelo permite, bajo ciertas condiciones, estimar dicho tipo de tasa, que se puede asociar entonces a los 
parámetros de los modelos utilizados. En ciertos países, en los que se dispone de una medida directa de los 
cambios de residencia, la validez de los modelos puede ser testada y confi rmada.   

Keywords: International comparaison, internal migration, spatial model, temporal 
model, change of residence, migrant-migration model, zoning.




