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Riassunto

Questo articolo esamina come fare confronti internazionali su scala
mediterranea in una prospettiva demografica e geografica. Questo
studio si concentra sulla variabilita osservata delle superfici e delle
popolazioni di diverse reti disponibili per i paesi mediterranei.

Ci chiediamo in primo luogo su cid che rende rilevante una griglia
rispetto ad un'altra. Inoltre ci proponiamo di utilizzare l'autocorrela-
zione spaziale come indicatore di qualita delle caratteristiche stati-
stiche e spaziali di una griglia per una data variabile. Basandoci su un
confronto tra diverse griglia infra-nazionali, tra cui due reti realiz-
zate ad hoc, esploriamo la variabilita generata dalla griglia prescelta
su una variabile che unisce lo spazio e la popolazione: la densita. |
risultati sottolineano I'importanza di questo tipo di approccio prima
di qualsiasi opera di confronto internazionale e ricorda la potenziale
importanza che pud assumere il MAUP (Modifiable Areal Unit Pro-
blem) negli studi spaziali.

Parole chiave

Densita, reti territoriali, Mediterraneo, autocorrelazione spaziale,
MAUP, cartografia, SIG

Abstract

This paper explains how to make international comparisons on a
Mediterranean scale for demographic and geographical themes. This
study deals with the variability observed of surfaces and populations
of the grids available of the Mediterranean countries.

First, we wonder what makes the relevance of a grid compared to an-
other. Then, we use spatial autocorrelation as an indicator of spatial
and statistical characteristics of a grid for a specific variable. We cre-
ate two grids for the occasion. Comparing several grids, we explore
the variability generated by the variable of population density. The
results show the importance of this kind of approach before begin-
ning any international comparison. They also remind the importance
of MAUP in spatial studies.

Keywords

Density, territorial grid, the Mediterranean, spatial autocorrelation,
MAUP, cartography, GIS

*  This work is part of SoDeMoMed project, financed by ANR Transmed (ANR-12-TMED-0005).

The authors are grateful to Elena Ambrosetti for her Italian translation.

46



Y. DOIGNON, S. OLIVEAU

1. Introduction

While data of all types is becoming increasingly avail-
able and although it is usually geo-referenced and the
tools are easier to manage, there is often little reflection
on the way it is used. This is due to a lack of user train-
ing or simply negligence. Among this data, that relating
to population is more easily accessible (census, surveys)
and is often linked to suitable map collections.

For this reason, it is tempting to study the spatial
dimensions of the phenomena under consideration and
this extends across all disciplines and beyond academia.
Mapping is made accessible to everyone. Even though
most geographers and cartographers are aware of the
pitfalls of mapping and the importance that should
be placed on prior analysis of the variables (statistical
study and discretisation), they very rarely focus on the
grids that constitute the framework of their study.

This means that the necessary deconstruction of the
grids is carried out all too rarely. People do not question
often enough the consequences of the default choices
made. We will examine how, in addition to an academic
exercise, this is also a broader reflection on the ‘proper’
level of analysis which is then presented to us. Second-
ly, we will examine possible alternatives for determin-
ing this proper level. Finally, we will apply our remarks
and recommendations to a pan-Mediterranean analysis
of population densities in order to provide a concrete
demonstration of the effect on perceptions and meas-
urements of the phenomenon of the grids adopted.

2. What is a proper level of analysis?

Until recently, the availability of data limited the pos-
sible levels of observation to a great extent. However,
wider dissemination of data means this is becoming less
the case. Whereas the lack of data previously left the
researcher with little choice about the level of study, the
diversity of scales and levels of observations that are
now available mean the researcher is obliged to make a
selection. Although having a choice of levels of repre-
sentation may look like a comfortable position, it raises
new methodological problems. At the forefront of these
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is what most geographers have been calling the Modifi-
able Areal Unit Problem (MAUP) for 40 years.

2.1 The MAUP and its implications in a geographic
search

The MAUP is a recurring theme in spatial analysis. Stan
Openshaw (and Peter Taylor) devised the term MAUP
in their 1979 article: “a million or so correlation co-
efficients: three experiments on the Modifiable Areal
Unit Problem.” The idea, later developed in more de-
tail (Openshaw, 1984), is that statistical measurements
of spaces are directly dependent on the resolution and
shape of the grids used. These two effects are therefore
usually differentiated by using the terms scale on one
hand, and zoning effect on the other.

The scale effect emphasizes the variations experi-
enced by data when the level of observation is altered,
specifically, the statistical smoothing effect that occurs
when data is aggregated. The disappearance of detail as
it “ascends” the geographic levels and its contribution
to an understanding of the phenomena and their struc-
tures have already been well highlighted. Arbia, for ex-
ample, when he alludes to the possibility of a second
law of geography, suggests that: “Everything is related
to everything else, but things observed at a coarse spa-
tial resolution are more related than things observed at
a finer resolution.” (Arbia et al., 1996)".

The zoning effect highlights the effect of forms of
territorial breakdown on the results. Thus, during the
aggregation process, the number of possibilities for link-
ing the grids and forming new ones and the fact that a
large number of grids exists assume greater importance.
The number of possible combinations increases very
rapidly and each solution produces different values for
the newly obtained grids. The zoning effect character-
izes administrative divisions (particularly electoral divi-
sions) and is added to the scale effect.

The MAUP affects measurements and thus it has
implications for statistics. Thus, Gehlke €& Bielh (1934,
p- 170), without referring to the MAUP, already noted

1 As a reminder, the first law of geography formulated by To-
bler is: “Everything is related to everything else, but near things
are more related than distant things.” (Tobler, 1970).
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that “variations in the size of the correlation coeffi-
cient seem conditioned upon changes in the size of the
unit used, with a smaller value of r associated with the
smallest unit rather than with the largest. Various ways
of grouping have considerable influence on the 7, as
well as has the size of the area.”

Even if the issue is a longstanding one, we can see
that the problem remains topical. The zoning effect re-
mains little studied and should certainly be examined in
greater detail. The scale effect is easier to measure but it
also merits a specific study in order to take into account
its effect on measurements (Reynolds, 1998).

There is also another issue: discovering whether the
MAUP, rather than constituting a ‘problem’, is actually
a constituent of spatial data and, as such, an item of in-
formation rather than a problem (Grasland & Madelin,
2006). Indeed, once one is aware of the existence of this
phenomenon of variability as a result of aggregation,
exploring it can represent a new source of information.

Behind these questions lies a more general question:
whether on any given scale there is a level of analysis
which is better than the others. Before returning to what
we might mean by “better”, we should recall that this
type of question has already been explored.

When seeking an optimal grid, Openshaw (1977)
proposed a method of automatic partition to detect
which spatial sets are suitable for a particular purpose.
He showed that the optimal zoning for one variable is
not necessarily the same for another, and that the re-
sults for a study variable implicitly depend on the level
and scale at which they are measured. Significance test-
ing procedures have been developed to ensure the ro-
bustness of results during changes in levels and aggre-
gation (Knudsen, 1987). Getis spatial statistics are used
to detect any effects of the MAUP on a set of socio-
economic variables (Amrhein, Reynolds, 1996). Various
methods are used which specifically address the scale
effect: fractal analysis and geo-statistical methods such
as kriging, or variograms (Tate and Atkinson, 2001),
GWR (Geographically Weighted Regression) to account
for spatial heterogeneity (Fotheringham and al., 2000),
or even a method that reduces the scale effect to a min-
imum by searching for strong internal homogeneity
(Holt, Steel, Tranmer, 1996).

AIC 2015 (154), 46-63
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2.2 A ‘better’ level of observation?

The following reflections depart from the premise that
there is a level of observation for each variable that is
better than the others. But, what exactly is meant by
better? Here again, one can adopt a number of positions,
and we will see that, in terms of the socio-demographic
data that interest us here, there are different points of
view. Firstly, the wide distribution of micro level data
(such as census districts) has led many researchers to
assume that the most precise data is the best. Because it
offers more detail it is therefore more valuable than all
the others. Nevertheless, we soon become aware that,
for some variables, too fine a grid adds statistical noise
that is related to the low number of individuals per grid
square and it therefore tends to present a blurred vi-
sion of the territories being studied (for a demographic
example, see Guilmoto, Oliveau, 2007). Then there is
another position, presented in detail below, which in-
volves choosing the level that presents the most read-
able spatial structures. This ad hoc approach makes it
easier to put forward geographical explanations and it
takes a largely empirical approach, which also necessar-
ily raises a number of questions.

Beyond this general questioning, another issue aris-
es when one seeks to compare different territories for
a specific level of observation. Therefore, as this paper
proposes, this may make international comparisons dif-
ficult. The right level for one country will not necessar-
ily be the same for several countries.

The existing levels for observing one territory are
not necessarily the same for a second territory. It then
becomes necessary to suggest equivalents which are not
precise and which result in new mechanisms for select-
ing the ‘best’ level. Indeed, one could choose a set of
grids in order to reduce the measured statistical vari-
ability or attempt to obtain a regular grid based on its
surface area. The first approach corresponds to an aspa-
tial approach, while the second disregards the statistical
dimension. However, we propose an alternative based
on measuring the spatial autocorrelation of the studied
variables. This takes into account the statistical vari-
ability of the variable based on the spatial distribution
of the grids.
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2.3 Measuring spatial autocorrelation as an
exploratory tool for determining the best analysis
levels

The purpose of this article is not to review the methods
that allow us to measure spatial autocorrelation. Exten-
sive literature on the subject has been available since
the publication of the classic work by Cliff and Ord in
1973. However, we would like to stress that we have
based our measurements on Moran’s index (Moran'’s ),
used in the form suggested by Cliff & Ord (1981). This
is the one found in most publications and it is more
widely than that published by Moran (1950).

Thus, Moran’s I measures the covariation of the val-
ues of a point and that of its neighbours by returning
the result to the variance of the set of points. The re-

Moran's index

Insert: Moran's I
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var
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We are in a field of spatial statistics and the letters "x" and "y"
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are reserved for the individual coordinates.

z = value of the variable at point "i" and mean z

i = individual

J = neighbours of "i" individuals.

n = total number of individuals in the sample

m = total number of pairs of neighbours

W = weighting matrix, whose elements are, for example,

set to "1" for "i, j" neighbours and otherwise "0".
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sult of Moran’s I calculation is easy to interpret as it is
interpreted approximately as a classical linear correla-
tion coefficient. It varies from -1 (negative spatial au-
tocorrelation: the values of the variables for individual
neighbours are set against the average) and +1 (posi-
tive spatial autocorrelation: the neighbours are similar).
It should however be noted that Moran’s I value can
sometimes be greater than 1 or less than -1. Thus it is
not strictly restricted limited to -1 and + 1. Zero? marks
the absence of negative or positive spatial autocorrela-
tion (at least on a global scale).

Moran’s I makes it possible to measure the spatial
structure of a socio-demographic phenomenon. In other
words, to reveal whether the studied phenomenon re-
veals a particular distribution in space or not, and to
what degree. Highlighting a spatial structure is there-
fore the starting point for the geographic analysis,
which aims to explain it.

By inverting the reasoning, we propose to define the
best level of analysis as the one showing the highest level
of spatial autocorrelation. One may well consider that the
phenomenon is best revealed at the level presenting the
most marked spatial structure. Based on this assumption,
we examined the spatial structure of density in France on
several dates (Oliveau et al. 2013). This produced enough
evidence on the levels that are most likely to demonstrate
the phenomena in their spatial dimension.

The following results (see Figure 1) show that the
most suitable level for studying densities in France, re-
gardless of the period, would be the district level.

Based on these results, we decided to use the spa-
tial autocorrelation measurement as an indicator on the
Mediterranean scale to assess the relevance of the grids
that are available for different countries.

3. Creating a sub-national grid around the
Mediterranean

In this section, we look at different ways of creating a
sub-national grid in the Mediterranean, understood here

2 It will be recalled that, in fact, it is not set to O but -1/(n-1),
which therefore moves very quickly to 0.
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FIGURE 1

Moran's |
according to the
administrative
level in France for
population density

AUTHORS: Doignon
Y., Oliveau S.

SOURCES: Insee
(1968, 1975, 1982,
1990, 1999, 2009)

FIGURE 2

Grid of the first
administrative
level in the
Mediterranean

AUTHORS: Doignon
Y., Oliveau S.

SOURCES: Gadm v2,
2014

ISSN 2282-472X (online)
ISSN 0044-9733 (print]



Y. DOIGNON, S. OLIVEAU

Territorial grids in the Mediterranean: space versus population

500 km

DEMOMED
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TERRITORIAL GRIDS IN MEDITERRANEAN:
SECOND INFRANATIONAL LEVEL

FIGURE 3
Grid of the second
N administrative
\ level in the
\\ Mediterranean

AUTHORS: Doignon
Y., Oliveau S.

SOURCES: Gadm v2,
2014

Source : Gadm

as a group of 27 countries®. Specifically, we need to se-
lect an administrative level in each country. The num-
ber of possible combinations is therefore extremely im-
portant. We propose creating several grids and we will
assess the relevance of each in Section 3.

Firstly, we present a standard approach that con-
sists of selecting the same administrative level in each
country, by analogy to the European NUTS. Secondly,
we outline a method for the harmonization of the grids
based on a specific criterion.

The data used in this article is detailed in Appendix 1.

3.1 Standard approach: selecting the same
administrative level in each country

This approach involves selecting the same administra-
tive level in each country. For example, we select the

3 Mediterranean refers here to all the following countries:
Morocco, Algeria, Tunisia, Libya, Egypt, Lebanon, Israel, Syria,
Palestine, Jordan, Turkey, Cyprus, Greece, Albania, Macedonia,
Kosovo, Montenegro, Bulgaria, Serbia, Bosnia and Herzegovina,
Croatia, Slovenia, Italy, Malta, France, Spain, Portugal.

AIC 2015 (154), 46-63

first administrative level, i.e. the level below the State.
In France, Spain, Italy and Morocco this is the region, in
Algeria, the wilaya, and the mohafazat in Egypt.

The assumption underlying this method is the equiv-
alence of the countries’ administrative levels based on
their ranking. The Italian regions correspond to the Al-
banian gark because this is the first administrative level
in each of these countries.

In the case of the Mediterranean, Figures 2 and 3
show the first and the second administrative levels in all
the Mediterranean countries, respectively. The extreme
heterogeneity of the size of the grids is striking. The
Spanish provinces have an average surface area which
corresponds to that in Lebanon (see table 5).

This shows us that the hypothesis of the equivalence
of the grids according to the order of the administrative
levels is not realistic within the context of their inter-
national comparability. It is therefore necessary to per-
form harmonization of the selected grids. Equivalence
between the various administrative levels in Mediterra-
nean countries needs to be defined. In order to compare
the Italian provinces, which administrative level should
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one choose in Lebanon or Libya in order to obtain
comparable entities? The criteria used to determine the
“comparability” of the grids also need to be questioned.

3.2 An alternative approach: harmonizing grids
based on a common criterion

Simply adjusting the order of the administrative levels
in order to construct a sub-national grid in the Mediter-
ranean is not enough. It is necessary to establish equiv-
alence between the grids in order to select comparable
administrative levels in each country. This harmoniza-
tion needs to put forward a criterion that defines dif-
ferent grids as being equivalent or at least comparable.
Two criteria spring to mind: surface area and popula-
tion. The comparability criterion is very dependent on
the research problematic. In geography, we tend to rely
heavily on surface area, whereas demographers and so-
ciologists are more likely to use population.

In order to compare grids in different countries, we
propose calculating the elements of centrality (mean
and median) and dispersion (coefficient of variation)
of the surface area and population for each adminis-
trative level. Tables 4 and 5 (in the appendices) con-
firm the extreme heterogeneity previously observed in
terms of the surface area of the selected grids (Figures
2 and 3). The first administrative levels are not equiva-
lent in terms of population or surface area. Whereas the
Italian regions average 15,000 km2 with an average of
2,990,000 inhabitants, Serbian okrug average 3,100 km?
with 300,000 inhabitants. In this case, we should, for
example, select those Italian provinces with an average
size of 2,800 km?2 and an average of 566,000 inhabit-
ants. This means that, in order to obtain broadly com-
parable grids for these two countries, one would need
to select the second administrative level in Italy and the
first level in Serbia.

These tables highlight another important aspect,
namely the internal heterogeneity of some grids. The
dispersion indicator can be very pronounced in some
countries. This is the case of the Algerian wilayas, for
example, which have a surface area coefficient of varia-
tion of 2.39. This situation is understandable given that
the Saharan wilayas are large whereas those on the Med-
iterranean coast are small. In this case, the mean does

AIC 2015 (154), 46-63
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not really make sense and greater importance should be
attached to the median. The researcher should use both
indicators to assess a grid.

These grids showing marked heterogeneity on a na-
tional scale are problematic in that would be more ac-
curate to create a grid consistent with the administra-
tive levels. One solution would be to homogenize the
grid by spatial aggregation and disaggregation of its
units (as was done for India and China, Guilmoto and
Oliveau, 2007). This method significantly increases the
internal homogeneity of the grids. However, the units
obtained by this process can be meaningless in situa-
tions where the initial administrative divisions have a
precise, known legal meaning (Dumolard, 1998). This
can prove particularly problematic when it comes to in-
terpreting results.

Another solution is to accommodate the exist-
ing heterogeneity in favour of a higher interpretative
potential when the analysis is complete. On the other
hand, it should be remembered that the grids in some
countries are heterogeneous and this should be taken
into account when interpreting the data.

This type of summary table facilitates the creation of
a similar grid based on a specific criterion. It is also pos-
sible to harmonize using a subsequently defined value.
In this paper, we construct two grids of this type: the
first is harmonized to 500,000 inhabitants, a second,
harmonized to around 25,000 km?2. In each country, we
retain the administrative level that is closest to these
values in terms of the mean and median of the grids.
The administrative levels for our two grids are recorded
in Table 1. For some countries, all sub-national grids
have a population or a surface area that is very different
to the criterion value. Accordingly, the administrative
level selected is the state level.

In concrete terms, the grids created here are not per-
fectly harmonized because not all the administrative
levels selected have the expected population or surface
area. For the Mediterranean, this is due to the impos-
sibility of comparing grids in some countries, regard-
less of the administrative level under consideration. We
illustrate this aspect with two examples. If we attempt
to compare Algeria and Spain in terms of population,
we can see in Table 4 that the first Spanish level is
very densely populated compared with the first Alge-
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rian level. On the other hand, the second level corre-
sponds much better: a median of almost 550,000 com-
pared with 565,000 in Algeria. Thus, these two grids are
comparable in terms of population.

However, if we want to compare Algeria and Portu-
gal in terms of surface area, Appendix 1 shows that it
is impossible to find a suitable match. Whereas the first
Algerian level is 3.5 times larger than the Portuguese
one, the second level is twice as small as the Portuguese
second level and almost nine times the size of the first
level. In concrete terms, we are unable to find compara-
ble grids in Algeria and Portugal. Having discarded the
idea of modifying the administrative grid, we need to
reach a compromise, bearing in mind that the compari-
son between these two countries is not optimal.

Finally, in this article we have four levels of grid
available for the Mediterranean: a grid with the first
administrative level in all countries; a grid with the
second administrative level in all countries for which
population data is available (if it is not, the higher level
is selected); a grid harmonized to 500,000 inhabitants
and finally a grid harmonized to 25,000 km2. Table 1
summarizes the administrative levels selected for each
of these four grids.

As we have shown, by maintaining a simple ap-
proach based on two administrative levels, it is not
difficult to produce four different pan-Mediterranean
grids. Making a selection will not be easy, however. In
addition, bearing in mind what we recalled about the
MAUP, it is highly probable that these grids will not
have the same properties or the same influence on the
results of the analysis. A priori, some will be more suit-
ed to cartographic representation and others to statisti-
cal analysis. We propose to test this hypothesis in the
last section.

4. What is the impact of the grids on analysis?

The spatial and statistical variability of these four grids
will be studied. We will examine which grid is more ho-
mogeneous in terms of its population and surface area.
We will also introduce the population density variable
in order to observe the effect of each grid on a third
variable. For each grid, we calculate the mean, the co-
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efficient of variation and the median of the following
variables: population, surface area, and population den-
sity. Tables 2 and 3 highlight the large statistical vari-
ability of the results according to the grids.

For the population criterion, Grid 2 is the one that
shows the greatest dispersion. This is not surprising as a
larger scale reveals the higher heterogeneity. The most
homogeneous grids are clearly the two harmonized
grids. However, these are not situated at the same level
of observation. Grid 3 has a median of 360,000 inhabit-
ants while that in Grid 4 is 760,000 inhabitants. In other
words, Grid 4 is twice as aggregated as Grid 3. Both are
statistically more homogenous but do not present the
same level of observation.

For the surface area criterion, Grid 2 remains the one
with the most dispersion. Note that this grid does not
relate to all second administrative levels in the country,
because we selected only the levels for which popula-
tion data was available. To examine what the dispersal
of the area with the second administrative level in all
countries would have been, we created Grid 5. In this
case, the spread is even greater... Logically, the grid that
is harmonized according to surface area (Grid 4) is the
one that presents the lowest dispersion.

In the case of population density, the harmonized
grids (nos. 3 and 4) are statistically less dispersed. It
should be noted that Grid 4 has a median that is com-
parable to Grid 2, but with a much lower dispersion.
The average and median population density is stronger
in Grids 1 and 3. One can still observe differences of al-
most 90 inhabitants/km? depending on the grid, which
is an important aspect when one is attempting to exam-
ine population distribution.

These figures show that investing in a harmonized
grid, even an imperfect one, is provides better value than
economizing by using a grid made up of a set of grids
that are equivalent from an administrative point of view.
Nevertheless, one should remember that a grid which
is suitable for statistical analysis is not necessarily the
most suitable grid for cartographic representation.

Figures 4, 5, 6 and 7 represent the population density
for each of the previously selected grids (except Grid 5,
for which we do not have all the data). They are a very
good example of the scale effect of the MAUP: depend-
ing on the map selected, the interpretations of popula-
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REPARTITION OF POPULATION
IN MEDITERRANEAN
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FIGURE 4
Population density
with Grid 1

AUTHORS: Doignon
Y., Oliveau S.

SOURCES: Gadm v2,
most recent
estimates from
National Office

of statistics

FIGURE 5
Population density
with Grid 2

AUTHORS: Doignon
Y., Oliveau S.

SOURCES: Gadm v2,
most recent
estimates from
National Office

of statistics
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FIGURE 6
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tion distribution vary. In the case of Grid 1, the high-
est population densities are noted in the regional unit
comprising the capitals of European countries (Portugal,
Spain, France, Italy, Slovenia and Greece). Furthermore,
very few low densities are noted on the north shore. In
the case of the south shore, people are located near wa-
ter: rivers (such as the Nile), coastal areas in North Africa
and the Near East. Grid 2 shows more nuanced distribu-
tion. In Europe, the diagonal of French empty space and
the Spanish desert are revealed, as well as low density
areas in Turkey. Several urban centres can be discerned
in Morocco. The mapping changes on the south shore in
Grid 1 are somewhat limited because, in several coun-
tries (Algeria, Libya, Egypt, Syria, Israel and Jordan) we
have been obliged to retain the first administrative level
due to lack of data. Therefore the observations are the
same for both grids. The extreme dispersion previously
observed in terms of the size of units in Grid 2 is eas-
ily observed on account of the mapping. In the Balkans,
for example, the grids are much more detailed in terms
of surface area than in southern Europe or the Maghreb
where the grids look much more homogeneous.

Grid no. 3 appears more homogeneous. However, the
grids in some regions are less detailed than other grids.
Population distribution in the Balkans for example, is
made up of higher concentrations in Albania and Ko-
sovo and in Athens, Greece. In the rest of the Balkans,
the densities are relatively homogeneous.

Territorial grids in the Mediterranean: space versus population

Grid 4, meanwhile, offers a compromise between
Grids 1 and 2. We can observe the concentrations of
population in metropolitan areas and near water (rivers
and coastline), but also in unpopulated areas (France,
Spain, Turkey, and the Sahara).

The grid used to study population distribution in
the Mediterranean directly affects the results of carto-
graphic analysis and map interpretation. A map will be
even more readable and interpretable if it contains pro-
nounced spatial structures. The distribution of males in
the Maghreb is easily to interpret due to the pronounced
spatial structure, i.e. the coast/Sahara contrast. The Bal-
kans present a contrasting example in the case of Grid
2, in which few spatial structures seem to emerge.

However, it is more interesting to measure these
spatial structures instead of trying to read them off a
choropleth map. To do this, we will build on Moran’s I
using a neighbourhood by adjacency matrix (see Table
3 and Figure 8). The results are less marked than the
previous ones, but it is still possible to determine trends.
Both harmonized grids present the highest spatial auto-
correlation, which is consistent with the observations
made earlier. For order 1 adjacency, Moran’s I of Grid
3 reaches 0.56. This result is even more significant as
it covers more than 750 units. In addition, the corre-
logram (see Figure 8) shows that Grid 3 has a sharper
spatial structure than the other grids, regardless of the
order of adjacency retained. The second harmonized

FIGURE 8
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grid (Grid 4), also shows a stronger spatial autocorrela-
tion than the grids that are not harmonized, but this is
less significant than in Grid 3, even though it is more
aggregated and therefore more smoothed.

Without being able to demonstrate this, one can
consider that the lower Moran’s I in Grid 2 is partly the
result of the heterogeneity of the grids used (where level
2 is not generally available).

These few succinct procedures show how important
the choice of grid is for a geographical study. Indeed, for
a similar study area and variable, the grids do not have
the same degree of spatial structure. This is a not insig-
nificant aspect when you consider the potential impact
on cartographic interpretation (visual over-evaluation
of specific spaces, “omitting” areas that are too small).
Unsurprisingly, the harmonized grids (and in prefer-
ence, No. 3) appear to be the most appropriate ones.

5. Conclusion

Although it is frequently overlooked, the choice of grid
in statistical or cartographic studies is essential. It will
inevitably have an effect on the results. Research into
the MAUP has unsuccessfully attempted to minimize its
effects. More recently, researchers have begun to accept
the pitfalls inherent in spatial data and to propose solu-
tions aimed at taking into account the MAUP as it is not
possible to dispense with it. Therefore, the aim is not to
disregard the MAUP, but to be aware of its existence in

AIC 2015 (154), 46-63
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order to seek solutions that limit it or at least integrate
it into considerations.

However, an awareness of the bias represented by
space in statistical analysis does not justify a failure to
question the grid prior to studying it. This reflex ques-
tioning of the source should be developed, regardless of
whether one is working on one or several countries. How-
ever, it becomes even more important when the study fo-
cuses on a set of countries at the subnational level. The
number of possible grids is then multiplied and the solu-
tions quickly gain in complexity as each country has sev-
eral different administrative levels. The potential number
of combinations for creating an international grid at the
subnational level can very soon prove to be huge.

Nevertheless, there are solutions based, in the first
instance, on an expert approach - by initially eliminat-
ing the levels that are unsatisfactory and, secondly, se-
lecting the most relevant levels based on statistical and
spatial homogeneity.

In this article, we have attempted to highlight the
need for studies on grids and also to propose realistic so-
lutions based on geo-statistical methods which are eas-
ily accessible nowadays. We have used data constructed
for the Mediterranean region in order to highlight the
extent to which the grid influences the spatial and sta-
tistical variability of results. This study has also showed
that, when developing rigorous analyses from a statisti-
cal and spatial point of view, grids that are ‘harmonized’
to population or surface area are more effective than
grids constructed according to the administrative level.
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Tables

TABLE 1 — Composition of territorial grids used in this article

Subnational level
Territorial grid 1 Territorial grid 2 Territorial grid 3 Territorial grid 4 Territorial grid 5
Albania 1 2 1 0 2
Algeria 1 1 1 1 2
Bosnia and Herzegovina 1 2 2 1 2
Bulgaria 1 2 1 0 2
Cyprus 1 1 0 0 1
Croatia 1 1 1 0 2
Egypt 1 1 1 1 1
Spain 1 2 2 1 2
France 1 2 2 1 2
Greece 1 2 1 1 2
Israel 1 1 1 0 1
Italy 1 2 2 1 2
Jordan 1 1 1 0 2
Kosovo 1 1 1 0 2
Lebanon 1 1 1 0 2
Libya 1 1 1 1 1
Macedonia 1 2 1 0 2
Malta 0 0 0 0 0
Morocco 1 2 2 1 2
Montenegro 1 1 0 0 1
Palestine 1 2 2 0 2
Portugal 1 2 2 1 2
Serbia 1 2 1 0 2
Slovenia 1 2 1 0 2
Syria 1 1 1 1 2
Tunisia 1 2 2 1 2
Turkey 1 2 2 2 2

AUTHORS: Doignon Y., Oliveau S.  SOURCES: Gadm v2, National Central Statistics Office

Territorial grid 1: First sub-national level in each country

Territorial grid 2: Second subnational level if there are population data, or upper level
Territorial grid 3: Territorial grids harmonized to 500,000 inhabitants

Territorial grid 4: Territorial grids harmonized to 25,000 km?

Territorial grid 5: Second subnational level in each country
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TABLE 2 - Statistic variability

Territorial grids in the Mediterranean: space versus population

Population Area Population Density
Mean Coeff|.c|e.nt of Median Mean Coeff|.c|e.nt of Median Mean Coefﬁ.ue.nt of Median
Variation Variation Variation
Territorial grid 1| 1,194,614 1.72 367,455 21,568 2.72 4308 329 4.34 82
Territorial grid 2 | 320,233 2.25 66,376 5,856 5.19 764.87 297 4.72 64
Territorial grid 3 | 626,191 1.46 361,242 11,404 3.66 4234 381 4.02 86
Territorial grid 4 | 1,521,754 1.24 760,785 27,621 2.31 10,850 293 3.89 79
Territorial grid 5 X X X 2,405 6.07 187 X X X
AUTHORS: Doignon Y., Oliveau S.  SOURCES: Gadm v2, National Central Statistics Office
TABLE 3 - Spatial variability measured by Moran's |, by order of contiguity
Moran's | (by order of contiguity)
Order 1 Order 2 Order 3 Order 4 Order 5
Territorial Grid 1 0.49 0.36 0.24 0.14 0.09
Territorial Grid 2 0.47 0.34 0.24 0.18 0.14
Territorial Grid 3 0.56 0.39 0.29 0.26 0.16
Territorial Grid 4 0.51 0.39 0.25 0.14 0.07

AUTHORS: Doignon Y., Oliveau S.
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TABLE 4 - Summary table based on the population criterion

Subnational level 1 Subnational level 2
Country Level O ; -

Mean | ietion ofvaraton Medan | Mean | 0TEC e Verition| M
Albania 3,194,417 266,201 192,204.50 0.72 228,875 89,965 124,649 1.40 48,794
Algeria 29,100,863 606,267 407,915.28 0.67 565,513
Bosnia and Herzegovina 3,866,530 | 1,933,265 558,853.36 0.29 X 233,107 173,213 0.74 239,920
Bulgaria 7,563,710 270,132 232,264.15 0.86 198,267 28,695 85,301 2.97 12,267
Cyprus 840,407 140,705 99,141.00 0.70 143,192
Croatia 4,437,460 211,307 162,453.40 0.77 162,045
Egypt 68,046,408 2,617,169  1,903,836.50 0.73 2,810,945
Spain 52,921,889 2,725,559 2,526,866 0.93 1,733,015 860,561 1,148,999 1.34 549,925
France 62,482,931 2,854,041  2,472,616.10 0.87 2,129,309 650,769 494,209 0.76 531,955
Greece 11,260,402 866,184  1,065,867.65 1.23 592,017 220,792 575,323 2.61 113,285
Israel 7,255,300 1,036,471 535,363.46 0.52 1,084,200
Italy 59,836,894 2,991,844 2,509,262.24 0.84 1,840,867 566,907 647,875 1.14 376,393
Jordan 5,103,639 425,303 551,714.15 1.30 178,894
Kosovo 1,956,189 391,237 175,467.76 0.45 376,085
Lebanon 3,755,033 625,838 464,818.42 0.74 436,203
Libya 6,097,500 190,546 189,484.26 0.99 131,690
Macedonia 2,048,619 256,077 147,161.52 0.57 201,082 21,276 25,435 1.20 11,928
Malta 416,000
Morocco 29,607,002 1,973,800 909,417.11 0.46 1,908,905 547,405 463,832 0.85 484,895
Montenegro 628,631 29,934 36,746.13 1.23 18,482
Palestine 3,767,126 1,883,563 660,466.02 0.35 1,883,563 235,445 149,354 0.63 231,077
Portugal 10,225,836 1,460,833 1,387,922.95 0.95 750,800 354,578 405,062 1.14 248,667
Serbia 7,498,001 299,920 284,715.00 0.95 227,435 46,571 48,052 1.03 27,513
Slovenia 1,990,272 165,856 131,909.12 0.80 122,453 9943 21,722 2.18 4953
Syria 17,920,844 1,280,060 968,152.88 0.76 1131587
Tunisia 9,910,872 1,651,813  1,117,030.58 0.68 1,283,936 412,953 214,180 0.52 403,892
Turkey 67,817,797 | 10,263,142  5,279,253.12 0.51 9,000,000 941,913 1,606,058 1.7 546,503

AUTHORS: Doignon Y., Oliveau S. SOURCES: National Central Office Statistics
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TABLE 5 - Summary table based on the surface area criterion

Territorial grids in the Mediterranean: space versus population

Subnational level 1 Subnational level 2 Subnational level 3
+~ < +~ < +— <
Country Level O = -‘:; 5 § 2 S < -‘z 5 dc_J 2 s < -‘z 5 § 2 S
g =] g = 5 P =] g 5 g 28| €< 5
(S (S o%s

Albania 28,754 2392 867.92 0.36 2507.78 774 451.78 0.58 809.54 75 54.88 0.72 63.45
Algeria 2,311,292 48,158  114,926.97 2.39 5965.60 1536 8798.88 573 121.51

Bosnia and

Herzegovina 50,965 25,483 2573.61 0.10 25,483.49 2831 219291541 0.77 2547.00 358 27772 0.77 291.60
Bulgaria 112,033 4001 1528.52 0.38 3643.17 425 254.43 0.60 371.22

Cyprus 9269 1544 735.07 0.48 1370.21

Croatia 56,953 27 1425.40 0.53 2370.73 101 113.33 11 66.95

Egypt 985,513 37904  95,282.48 2.51 5160.08

Spain 505,519 28,083  30,347.28 1.08 10,947.74 9912 5011.16 0.51 9837.47 1373 996.70 0.73 1219.83
France 548,080 24,912 11,434.65 0.46  25881.15 5709 1939.35 0.34 5929.14 1566  916.00 0.58 151525
Greece 132,376 9454 5768.33 0.61 9216.68 2545 1288.09 0.51 2468.70

Israel 22,420 3202 5104.85 1.59 1240.20

Italy 300,225 1,01 7,384.26 0.49 14,340.05 2729 1586.79 0.58 2454.46 37 49.48 1.34 21.67
Jordan 89,190 7432 10,751.68 1.45 2987.30 1715 5331.71 3N 385.35

Kosovo 10,887 2180 613.89 0.28 2067.04 363 166.71 0.46 343.86

Lebanon 10,423 1737 1450.12 0.83 1569.00 400 419.41 1.05 289.14

Libya 1,618,639 68,020 119,188.12 1.75 13,880.17

Macedonia 24,791 3098 1005.63 032 2974.39 288 232,24 0.81 228.17

Malta 325

Morocco 413,764 27,585  24,083.36 0.87 16,554.41 7662 9,081.15 1.19 5245.00 1037 2284.80 2.20 46.00
Montenegro 13,313 655 485.77 0.74 492.40

Palestine 6225 3112 3,916.66 1.26 3112.37 389 319.31 0.82 317.48

Portugal 92,140 13,162 13,494.69 1.03 4929.74 3071 2193.50 0.71 2405.53

Serbia 77,761 3110 974.00 0.31 3046.81 482 284.39 0.59 420.41

Slovenia 19,932 1660 781.15 0.47 1782.42 103 94.26 091 71.16

Syria 186,521 13,321 13,471.87 1.01 8360.94 3108 5677.66 1.83 1278.96

Tunisia 154,910 25,817 16,940.39 066  19,174.68 6454 8336.76 1.29 4102.18 578 1950.85 3.38 293.26
Turkey 779,915 111,463  41,692.59 037  91,562.15 10,686 6462.88 0.60 8814.78 840  696.67 0.83  649.38
AUTHORS: Doignon Y., Oliveau S. SOURCES: GADM v2
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Appendix 1
Explanatory insert on the data used in article

Insert on the data

In order to form a grid that is harmonized according to the criteria of population or surface area, the ideal is to have this data for all
the administrative levels of the group of countries. The data availability makes it difficult to obtain all of this data. We are focussing
exclusively on administrative grids because the data is produced within this legal framework.

For surface areas, we used GADM v2 maps. This data provider makes available a certain amount of administrative content for all the
countries in the world. Obviously, the depth of the administrative levels is uneven depending on the country. All levels are available in
France, unlike Egypt where only the mohafazats level is available. Using a GIS, we have calculated the area of each unit in each avail-
able administrative level.

For population, we collected data from the most recent census or annual results from the central statistics offices of each country. For
Syria, the current environment meant we were obliged to collect population data from the Gazetteer.de website. For all countries, we did
not go below the second administrative level because we have insufficient data at the lower levels for a number of countries.

Table 6 summarizes the administrative levels for which we have surface area and/or population data. This article will only consider those
levels for which both population and surface area data is available. Not to have all data for all levels within a country is a disadvantage,
but it is possible to demonstrate that, even for only these administrative levels, the grid has a noteworthy effect on the analysis results.

TABLE 6 — Data available for this article

Administrative Level

Albania

Algeria

Bosnia and Herzegovina
Bulgaria

Cyprus

Croatia

Egypt

Spain

France

Greece

Israel
Italy
Jordan

Kosovo

Lebanon
Libya
Macedonia
Malta
Morocco
Montenegro
Palestine

Portugal
Serbia
Slovenia

Syria

Tunisia
Turkey

Population and area data available for this administrative level
Surface data only available for this administrative level

AUTHORS: Doignon Y., Oliveau S.
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