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The purpose of this paper is to perform an explor-
atory investigation of the structure of inter-regional 
migration flows across Spanish regions between 
1998 and 2006. We apply Sonis’ (1980) extreme 
tendency decomposition to the flow matrices to re-
veal that the structure of inter-regional migration in 
Spain is becoming less complicated over time but 
the places of origin and destination have remained 
very similar.
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I. INTRODUCTION

Inter-regional migration in Spain has grown by 85% between 1998 and 2006, while 
the Spanish population has grown by only 9% over the same period. Numerous au-
thors have focused on exploring the reasons for inter-regional migration in Spain 
(Bover and Velilla, 2002; Antolin and Bover, 1997), but seldom have efforts been 
made to uncover the pattern of migration changes. Hence, in this paper we propose to 
explore the structure of inter-regional migration by checking whether it has become 
more or less complex over time. If we define complexity as the number and strength 
of interaction flows, we hypothesize that the level of complexity should increase over 
time as transportation and information costs decrease. Increasing complexity reflects 
a situation where the majority of migration takes place between a relatively small set 
of regions first and then evolves to a situation where most or all the regions of the 
system are involved, thus reducing the share of each flow in total migration.

The interest of this methodology is twofold. Firstly, categorizing the level of interac-
tions between regions may be “the most useful indicators of the strength, the growth 
dynamics, or the development path of an economy” (Jackson, Hewings and Sonis, 
1989). For instance, if we discover that migration flows between a small set of re-
gions represent a large part of total flows, we would know much more about their 
characteristics vis-à-vis other regions with similar levels of development. Secondly, 
if the exercise is repeated over several time periods, it may become an invaluable tool 
in highlighting the flows which are always present and/or predicting future changes 
in the structure of an economy. This is particularly important when funding for updat-
ing a migration matrix (or, as noted by Jackson et al., 1989, an input-output table) is 
not available.
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In this paper, we explore the level of complexity of yearly migration flows between 
1998 and 2006. For that purpose, we rely on push-pull flow decomposition by Sonis 
(1970, 1980, 1982 and 1988) which will be described in Section II. In Section III 
we apply the decomposition to several matrices of yearly migration flows. Firstly, 
we differentiate pulled-migration from pushed-migration patterns and check whether 
there is consistency in their places of origin and destination. The last section provides 
some summary interpretation of the findings.

II. FLOW DECOmPOSITION: THE PUSH-PULL ANALYSIS

In order to get some insights into the structure of flows, we use the push-pull flow de-
composition method, which is based on the superposition principle. It provides a way 
of decomposing a flow matrix into a weighted sum of sub-flows, also called extreme 
tendencies, and hierarchically orders them according to their degree of importance 
(Guo, Hewings and Sonis, 2005; Jackson et al., 1989; Sonis, 1980). In addition, it is 
a useful tool for measuring the degree of complexity of an economy, where, accord-
ing to Jackson et al. (1989), the degree of complexity reflects the degree of sectoral 
intermediate production interactions in an economy. Obviously, Jackson et al. (1989) 
applied their work to an inter-regional input-output table. The larger the first weight, 
the less complex the economy; but this might also be true up to a certain level, at the 
end to say the third level. A greater proportion of the total flows will be accounted 
for by the initial levels in a simple economy reflecting the fewer interactions among 
production sectors. In a very simple economy with few interactions, the number of 
levels in the hierarchy would be small and the value of the first tendency would be 
large. The more complex the inter-regional relationships become, the more the nec-
essary degree of interaction and the corresponding number of levels in the hierarchy 
increase, while the value of the first tendency decreases.

Formally, a given flow matrix Y can be rewritten as a weighted sum of some extreme 

tendencies matrices: Y p Xi
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Xi represents the extreme optimization tendencies, acting simultaneously with the 
matrix of actual flows, and the weights pi represent the measure of realization of 
these tendencies in an actual flow matrix according to the superposition principle. In 
this fashion, each extreme tendency describes the inter-sectoral relationship in each 
hierarchically decomposed level and the successively decreasing weights indicate the 
decreasing contribution of each additional set of flows in the hierarchy. Each value 
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represents the ith decomposition and may be calculated using either rows (out-migration 
or pushed-migration to respect the pull-push terminology) or columns (in-migration or 
pulled-migration). For instance, the first weight (or tendency) of the in-migration (out-
migration) decomposition is based on the percentage of each flow by column (or row) 
and equals the smallest of the greatest percentages by columns (rows).

In a very simple system, each region would send workers to only one other region 
while receiving migrants from only one region. However, most migration matrices 
have much more sophisticated systems of intermediation with in-migration and out-
migration relationships involving multiple regions. The superposition principle at-
tempts to separate out this complexity into a hierarchically ordered set of relations 
where, at each level, interactions are restricted to the simple set, i.e. each region has 
interaction with only one other region.

Graph 1 shows the possible changes in the values of the weights for one economy 
over time as this economy becomes more complicated, in the sense that the degree of 
interaction increases.

Graph 1
Extreme Tendencies: Temporal Change Expectations 

Values
Time t

Time 1t +

Tendencies
1 2 3 4 5 6 7 8 9 10

Source: jackson et al. (1989).
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III. DECOmPOSING INTERREGIONAL mIGRATION FLOWS

We use the migration matrices between the fifty-two Spanish NUTS31 regions be-
tween 1998 and 2006. Data for previous or more recent years are not available. The 
eight matrices come from the National Statistical Office of Spain (INE). The primary 
matrices differentiate migration flows of Spaniards from those of foreigners after 
2002, but we decided not to use this split for consistency with the data prior to 2002. 
In this section, the matrices after 2002 correspond to inter-regional migration flows 
regardless of one’s nationality. It also means that intra-regional migration, which 
represents around 60% of each year’s total flows, has been deleted. 

Table 1
most and Least Attractive/ Repulsive Regions in 2006

In-migration Out-migration

Rank Region % of total flows Region % of total flows

1 madrid 15.70 madrid 12.25

2 Barcelona 11.80 Barcelona 8.05

3 Valencia 4.01 Valencia 4.69

4 Alicante 3.92 Alicante 4.63

5… Balears (Illes) 2.91 Toledo 3.84

…48 Teruel 0.56 Teruel 0.49

49 Palencia 0.48 Palencia 0.41

50 melilla 0.41 melilla 0.39

51 Ceuta 0.36 Ceuta 0.32

52 Soria 0.33 Soria 0.30

Source: authors’calculations.

Table 1 above indicates which were the most and least attractive / repulsive Spanish 
regions in 2006. As noted by Bover and Velilla (2002), the level of in- and out-mi-
gration flows of a region is positively correlated with its population, therefore Madrid 
and Barcelona are the two largest places of origin and destination for migrants. A 
couple of other factors such as family ties (Bover and Velilla, 2002), lifecycle effects 
such as retirement (Mincer, 1978) or climate and amenities (Cushing, 1987) could 
be studied to explore the reasons for migration in Spain, but this is not the focus of 

1 Nomenclature of Territorial Unit Statistics. This is the official way of dividing the European 
territory into regions.
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our paper. Indeed, such an approach would not give us any insight on the structure of 
migration flows and whether this structure is becoming more complex over time.

We therefore apply Sonis (1980) decomposition method and start with in-migration, 
i.e. the analysis of the columns of the migration matrices. The results of the decompo-
sition of the 10 first extreme tendencies are presented in Table 2 below for three years, 
1998, 2002 and 20062. In addition, Table 3 shows the variance over the whole period 
and the growth between 1998 and 2006 of each tendency. Several results are worth 
discussing Firstly, the share of the first extreme tendency has reduced by 10.5% over 
time indicating that the importance of the largest in-migration flow has decreased or 
that the migration patterns have become more complicated. However, when looking 
at the cumulated 10 most extreme tendencies, they have slightly increased (from 43.5 
% in 1998 to 44.2% in 2006). We stopped the calculations at the 10 first tendencies 
because these already cover about 50% of the total flow. On the other hand, each suc-
cessive level in the hierarchy (eleventh, twelfth, etc) would contribute less than 2.6% 
to the total flow of interactions across regions. 

Table 2
Extreme Tendency Decomposition – Share of Each In-migration Flow

1998 2002 2006

Decomposition Stepwise Cumulative Stepwise Cumulative Stepwise Cumulative

1 0.104 0.104 0.083 0.083 0.093 0.093

2 0.048 0.152 0.059 0.142 0.064 0.157

3 0.044 0.196 0.045 0.187 0.049 0.207

4 0.041 0.238 0.041 0.228 0.049 0.255

5 0.037 0.275 0.037 0.265 0.038 0.293

6 0.037 0.311 0.036 0.301 0.032 0.325

7 0.035 0.347 0.036 0.337 0.031 0.355

8 0.034 0.380 0.033 0.370 0.030 0.385

9 0.029 0.409 0.030 0.400 0.029 0.414

10 0.026 0.435 0.028 0.428 0.028 0.442

Source: authors’calculations.

2 Results for every year are available from the authors upon request. 
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As a result, conclusions on the level of complexity of in-migration flows depend on 
how many extreme tendencies one is willing to look at. We are aware that this is one 
of the flaws of this methodology. However, as Table 3 indicates, except for the first 
tendency, the growth of the cumulated tendencies is always positive, thus reflecting 
an increasingly less complex structure of in-migration over time. 

Finally, while the growth rate only captures the evolution of each tendency between 
the initial and final period, we included in Table 3 the variance of each tendency over 
the whole period. The results indicate that the two most important flows are those 
which evolved the most over time. The variance of the cumulated tendencies is sys-
tematically greater than each tendency because it includes the greater variance of the 
two first tendencies. 

Table 3
Variance and Growth of the 10 First In-migration Tendencies

Stepwise Cumulative

Decomposition Variance 
(*10,000)

% growth
1998-2006

Variance 
(*10,000)

% growth
1998-2006

1 0.336 -10.577 0.336 -10.577

2 1.002 33.333 0.956 3.289

3 0.067 11.363 1.451 5.612

4 0.063 19.512 2.012 7.143

5 0.029 2.702 2.222 6.545

6 0.070 -13.513 1.647 4.502

7 0.033 -11.428 1.310 2.305

8 0.022 -11.764 1.108 1.316

9 0.009 0 1.041 1.222

10 0.016 7.692 1.036 1.609

Source: authors’calculations.

The results for out-migration patterns are presented in Tables 4 and 5 and show a 
slightly different story than above. Firstly, the importance of the first tendency is 
larger for out-migration than for in-migration (12.1% vs. 9.3% in 2006) which indi-
cates that out-migration is less complex than in-migration. The level of complexity of 
out-migration has decreased over time whether one focuses on the largest tendency 
(+9%) or any of the cumulated tendencies (+5.9% for the cumulated 10 first tenden-
cies). We also note that lower levels of the hierarchy display slightly greater variances 
than the higher levels, thus indicating that these last ones are more predictable. 
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What do all these results mean? Going back to our original idea described in the in-
troduction and Section II, the results of the cumulated tendencies tell us that the inter-
regional migration flows in Spain are getting less complicated over time. The change 
is not necessarily dramatic (+1.6% for in-migration and +5.9% for out-migration if 
one focuses on the 10 first tendencies) but the study period is not very long either. As 
noted in Jackson et al. (1989), the information we draw on for the migration dynam-
ics from this approach could reveal itself a very useful tool when updating migration 
matrices, in the absence of funding to collect true data. 

Table 4
Extreme Tendency Decomposition – Share of Each Out-migration Flow

1998 2002 2006

Decomposition Stepwise Cumulative Stepwise Cumulative Stepwise Cumulative

1 0.111 0.111 0.116 0.116 0.121 0.121

2 0.075 0.186 0.070 0.186 0.075 0.196

3 0.055 0.241 0.057 0.243 0.061 0.257

4 0.043 0.284 0.055 0.298 0.058 0.315

5 0.037 0.321 0.048 0.346 0.046 0.361

6 0.037 0.358 0.037 0.383 0.039 0.400

7 0.035 0.393 0.036 0.419 0.034 0.434

8 0.034 0.427 0.033 0.451 0.029 0.463

9 0.030 0.457 0.027 0.478 0.027 0.490

10 0.029 0.486 0.026 0.504 0.025 0.515

Source: authors’calculations

Table 5
Variance and Growth of the 10 First Out-migration Tendencies (Stepwise)

Stepwise Cumulative

Decomposition Variance 
(*10,000)

% growth
1998-2006

Variance 
(*10,000)

% growth
1998-2006

1 0.233 9.009 0.233 9.009

2 0.241 0 0.430 5.376

3 0.091 10.909 0.487 6.639

4 0.321 34.883 1.198 10.915

5 0.169 24.324 1.863 12.461

6 0.038 5.405 1.946 11.732

7 0.018 -2.857 2.072 10.433

8 0.029 -14.705 1.945 8.431

9 0.022 -10 1.670 7.221

10 0.032 -13.793 1.331 5.967

Source: authors’calculations.
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While Sonis (1980) decomposition methodology gives us an idea of the overall struc-
ture of migration flows and of their evolution over time, it does not give us any indi-
cation as to whether these are the same flows (characterized by the same origin and 
destination) one is looking at. In order to identify the flows which are always present 
in the structure of migration we rely on the results of Table 6 below. They represent 
the percentage of flows that are similar to those of the year 1998 and to those of the 
previous year. All the calculations are based on the sum of the first 10 tendencies3. 
The fact that a rather large share of the flows (around 83%) does not change over time 
tells us that there is a “fundamental structure” of migration, i.e. it is relatively easy to 
predict where people want to move if one knows where they live. This concept was 
introduced by Simpson and Tsukui (1965) in the case of trade, as they also discov-
ered some persistent flows in their input-output tables. 

Table 6
Percentage of Similarity in the Structure of Inter-Regional migration Over Time 
(Sum of the 10 First Tendencies)
Year 1999 2000 2001 2002 2003 2004 2005 2006

In-migration

% of similarity with 
1998 85.81% 84.67% 84% 80.19% 77.21% 76.39% 74.69% 74.76%

% of similarity with 
the previous year 85.81% 84.67% 86.39% 86.10% 88.17% 88.74% 85.53% 89.28%

Out-migration

% of similarity with 
1998 85.71% 84.07% 86.96% 81.57% 79.67% 77.45% 76.56% 74.87%

% of similarity with 
the previous year 85.71% 85.59% 87.88% 85.24% 84% 87.22% 88.34% 84.85%

Source: authors’calculations.

IV. CONCLUSIONS

This paper aims to conduct an exploratory analysis of the inter-regional migration 
pattern in Spain from 1998 to 2006. The methodology applied is a pull-push analysis 
developed by Sonis (1980). By decomposing the flow matrix as a weighted sum of 
hierarchy tendencies matrices, this method can display the migration flow structure 
depending on the importance of each flow. In addition, it indicates the degree of sim-
plicity of migration based on the weights of the decomposed tendency flows. 

3 Our results are sensitive to the choice of cumulated tendencies. This choice relies on the 
capacity of the 10 first tendencies to cover around 50% of the total structure of migration.
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In fact, if we were to include the intra-regional migration flows in the total inter-
regional immigration flows, intra-regional migration would account for a large per-
centage. However, in this paper, we do not account for intra-regional flows. 

The main result of this paper is that the pattern of inter-regional migration in Spain 
is getting less complex over time. It can be seen by the weights of the first decom-
posed tendencies matrix becoming larger between 1998 and 2006. This is true for 
both in-migration and out-migration. We also note that the migration flows are pretty 
predictable, since their variance is very small and they take place between the same 
place of origin and the same place of destination. Overall, it means that inter-regional 
migration in Spain has some kind of “fundamental structure” which is a very useful 
piece of information when updating migration matrices, in the absence of funding to 
collect true data.

There are some limitations in this method. Their treatment is left for future research. 
First, the flow decomposition method applied here can only display the pattern of 
the flow; i.e. whether it is getting more or less complex, but it cannot explain what 
the reasons are behind the change of the pattern. In addition, the importance of the 
level of spatial aggregation as well as the number of tendencies one focuses on can-
not be ignored. We are aware that these choices may bias our results. However, this 
is a common problem that most empirical works have to deal with. We are hopeful 
that these limitations are not going to discourage others to apply and extend the de-
composition technique we use here, since its capacity to shed light on the evolution 
of the structure of migration or trade flows is exciting. A future direction that we 
believe needs some attention is a test that would determine whether tendencies are 
statistically different from one period to another. The advantage would be to confirm 
whether very small changes in the level of a tendency can be translated into a signifi-
cant increase or decrease in the level of complexity of a system.
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