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Abstract: The literature dedicated to the problems of transboundary pollution often aims to verify
what the environmental and energy interactions between countries are. Little attention is paid to
the financial relations of the phenomenon. We analyze how financial, environmental and energy
flows have been redistributed within the main Mediterranean countries, with particular reference to
pollution. Applying advanced methods of correlation, we verify the dynamics of transfer processes
with the aim of assessing whether the link between economic and financial and environmental flows
might support the hypothesis that rich countries export environmental emissions to poor ones. Our
results show that richer countries have a significant propensity to export energy, financial flows and
polluting emissions. The imbalance is even greater for emissions with local impact. This process is
accompanied by a substantial increase in the financial activities of the North Mediterranean countries
to the detriment of those of the South, which progressively increase their indebtedness. We find out
that the economic and financial development of the North Med is accompanied by an increasing
environmental impact measured by the various types of emissions covered by our study. The research
shows how the most industrialized countries of the Mediterranean area are increasing the economic
and financial gap with respect to the Southern Mediterranean countries.

Keywords: trade; finance; virtual environmental network; embodied energy flows; network theory;
multiplex; reciprocity

1. Introduction

The trend in inequalities shows that disparities in per capita income between Mediterranean
economies increased until 1970, stabilised until the mid-1980s, and then increased again [1]. The factors
that characterize the economic differences between countries have been analyzed from different
perspectives: social, legal and political [2]. Less attention has been paid to the energy implications of
inequalities and to the interconnection between financial and environmental flows, which can affect
the pollution of the Mediterranean countries in various ways. As stated within the report from the
UN Intergovernmental Panel on Climate Change 2014 Report, a growing share of CO2 emissions from
fossil fuel combustion in developing countries is released in the production of goods and services
exported, notably from upper-middle-income countries to high-income countries [3]. The literature
devoted to transboundary pollution problems uses a game theoretical framework to express important
strategic interactions between countries in addressing the problem of climate change [4–8]. Along
the same lines, the broad literature focused on environmental and climate justice has advocated for a
reduction in inequality as a tool to address environmental problems [9,10]. Boyce [11], in analysing the
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phenomenon of the unequal exchange of environmental resources between rich and poor countries,
wonders who the winners are and, above all, why they can impose the relative costs on the losers.
The last question has three possible answers. One is that losers do not yet exist. They belong to
future generations, and therefore are not here to defend themselves. The second possibility is that
losers already exist, but they do not know it. They lack information on the costs of environmental
degradation. The third possibility is that losers exist and know it, but they do not have the power to
prevent winners from imposing costs on them.

Our research has as its first objective that of verifying whether the possible balance of power
between rich and emerging countries in the Mediterranean area exists and how it can be quantified.
We analyze how financial and virtual environmental flows (environmental emissions embodied
in goods) have been redistributed within the ten main Mediterranean countries, with particular
reference to pollution. Six types of virtual environmental flows and three kinds of financial flows
can generate a very large number of interactions’ patterns and a complex, enveloping structure. The
nexus between resources’ or virtual flows (layers) in this complex system can be studied with several
methodologies [12,13]—in a few cases, these flows have been associated with financial flows [14,15].
Applying advanced methods of correlation and network analysis [16], we verify the dynamics of
transfer processes with the aim of assessing whether the link between economic and financial inequality
and the hypothesis that rich countries export environmental emissions to poor ones are confirmed.
Our research questions may be stated as follows: are financial flows correlated and linked with
virtual energy flows? Are Southern Mediterranean countries importing pollution from Northern ones?
The allocation of emissions embodied in international trade and in financial flows is crucial to evaluate
the real impact that each country has on environmental pollution and its sustainability. Therefore,
the attribution of emissions becomes a crucial issue when we want to reveal the redistribution of
pollution.

The analysis on environmental bilateral flows presented here is based on data drawn from
multiregional input-output (MRIO) Eora database, which is a consumption-based accounting method.
This method, in contrast to the production-based approach which estimates emissions released within a
specific geographical area, attributes emissions to the final consumers of goods and services. The rest of
the paper is organized as follows. In Section 2, we describe data and methodology, which encompasses
features of international pollution stock, emission technology, and financial flows countries. In Section 3,
we present our results and in Section 4 we discuss our results. Finally, we offer concluding comments
and suggestions.

2. Data and Materials and Methods

2.1. Data

Our analysis focuses on the Mediterranean area and covers the top 10 countries on all sides for
which there is a coherent set of bilateral environmental and financial trade information: Cyprus, Egypt,
France, Greece, Italy, Israel, Lebanon, Malta, Spain and Turkey. In the analysis of the network, all of
these countries represent the nodes, while the borders are represented by cross-border environmental
and financial flows. In particular, our observations contain six environmental dimensions (emissions
of NOx, PM10, SO2, CO2 equivalent emissions and water footprint in gigagrams (Gg), Energy in
tera joules (TJ)) and three financial dimensions (Equity, Long-Term Debt and Short-Term Debt).
The observation period is from 2002 to 2015. Data on environmental impacts come from Eora’s
multi-regional input–output table (MRIO) which provides a time series of high-resolution I/O tables
with corresponding environmental and social satellite accounts for 190 countries. The Eora MRIO
database reports the direct and indirect flows of resource footprints between producers and final
consumers aggregated at a national level. The data describe in detail the countries of origin of
each footprint, reporting the embedded flows from each country of origin/issuer to each country of
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destination/consumption. Referring to the environmental footprint associated with consumption in a
given country, the embedded flows are to be understood as virtual for the resource footprint.

Most empirical studies on the determinants of international capital flows usually focus only on
foreign direct investment (FDI) because the analyses find out more on capital flows than on stocks
of foreign investment. In contrast, in our study, data on financial transactions are taken from the
Coordinated Portfolio Investment Survey (CPIS) conducted by the IMF. The CPIS records portfolio
investment data in the form of shares and units in investment funds, long-term debt securities and
short-term debt securities vis-à-vis more than seventy counterparty economies. All financial data
are in millions of US dollars. They refer to the end of the year of the periods and do not provide
information on portfolio flows. This choice allows us to keep all financial variables consistent and
avoid having a matrix of financial margins calculated differently, with a negligible impact on the
correlation analysis and, therefore, on the analysis of the output network. This approach is supported
by many recent studies [17] suggesting that foreign direct investment and portfolio investment can be
treated as substitutes.

Based on the above explanations, we calculated, as a proxy for financial flows from country i
to country j, the difference between two consecutive total amounts on assets held by residents of
country i (i to j) [18]. Although previous studies [19,20] have already highlighted the drawbacks of
CPIS data in terms of incompleteness, a lack of strong data consistency and the risk of undervaluation
arising from the voluntary nature of the survey, due to the simultaneity of the survey and the use of
consistent definitions, data collection is homogeneous and the geographical breakdown is very large
for a comprehensive analysis of capital flows.

2.2. Pearson Correlation Index for Multiplex Networks

A first method to investigate layers’ correlations in a multiplex framework was proposed by
Garlaschelli and applied to the commodity-specific trades [21]. Garlaschelli extended the Pearson
correlation index to the multiplex by averaging over space instead of time. The Pearson correlation
index between the layers A and B (at time t) will thus be:

ρAB
>> ≡

∑i 6=j(wA
ij − µA)(wB

ij − µB)

2
√

∑i 6=j(wA
ij − µA)2(wB

ij − µB)2
=

covAB
σAσB

. (1)

It is noteworthy that the above definition of correlation can be applied both to links going in the
same direction (Equation (1)) and to links going in opposite directions (Equation (2)):

ρAB
>< ≡

∑i 6=j(wA
ij − µA)(wB

ji − µB)

2
√

∑i 6=j(wA
ij − µA)2(wB

ji − µB)2
. (2)

2.3. Second Correlation Measure: Multiplexity and Multireciprocity

Recently, a more refined measure of correlation across layers in a (weighted) multiplex has been
proposed [16]. This measure derives from the extension of concept of reciprocity in weighted networks
(see [22]) to the context of multiple layers networks, and reads as follows:

mAB =
2 ∑i 6=j min[wA

ij , wB
ij ]

∑i 6=j wA
ij + ∑i 6=j wB

ij
(3)

for flows in the same direction, and:

rAB =
2 ∑i 6=j min[wA

ij , wB
ji ]

∑i 6=j wA
ij + ∑i 6=j wB

ij
(4)
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for flows in the opposite direction. Multiplexity (Equation (3)) and multireciprocity (Equation (4))
are both normalized measures, spanning from 0 to 1. In the former case layers, A and B never
overlap across the entire network; in the latter, they perfectly overlap, meaning that they are perfectly
correlated. A multiplex features homogeneous layers—the same units, or heterogeneous—different
units. When a multiplex is heterogeneous, all flows are normalized to the relative total flow W and
become unit-less (scalar).

Any measure of correlation across layers (inter-layers) is sensitively dependent on the internal
topology of each layer (intra-layer). Put simply, if two layers share the same hubs, any correlation
results trivially from the mere overlap the two internal structures. Figure 1 shows, by the means of a
very simple and stylized multiplex with three nodes and two layers, to what extent the reciprocity
structure within each layer can affect the observed correlation between layers (width of the arrows
indicates the intensity of the flows). Prima facie, the red and yellow layers seem to be very correlated
when moving across nodes. Nevertheless, this is due the combined effect of the reciprocity level within
each layer and the topology of the multiplex. For instance, node C is a hub in both layers and thus
node A and B tend to exchange with C more than between each other.

Figure 1. Disentangling correlation and reciprocity across layers.

Measures (3) and (4), differently from measure (2) and (1), permit the inclusion of suitable null
models in the analysis and the development of an enhanced measure of correlation, cleaned by the
intra-layer topological effects.

In [16], the following enhanced measure of multiplexity between two generic layers A and B is
proposed and denoted as µ:

µAB =
mAB − 〈mAB〉

1− 〈mAB〉
(5)

and enhanced multireciprocity ρ:

ρAB =
rAB − 〈rAB〉

1− 〈rAB〉
, (6)

where

〈mAB〉 =
∑i 6=j〈wA

ij 〉〈wB
ij〉

∑i 6=j〈wA
ij 〉∑i 6=j〈wB

ij〉
(7)

and

〈rAB〉 =
∑i 6=j〈wA

ij 〉〈wB
ji〉

∑i 6=j〈wA
ij 〉∑i 6=j〈wB

ji〉
. (8)

Both µ and ρ can be positive or negative, indicating a positive or negative correlation in excess to
the random correlation as captured by the null model and score 0 when the two layers are uncorrelated.
It is noteworthy that µ and ρ can vary freely without any upper or lower bound.
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2.4. Models

A null model is meant to test the statistics significance of results, on the one hand, and to enhance
the correlation analysis by clearing them from undesired side effects generated by the complexity of
the interactions’ structure, on the other. In order to clear correlation measures across layers of the
topological effects, we adopt the formalism of Exponential Random Graphs or p∗ models, which allow
for obtaining maximally random ensembles of networks with specified constraints.

The method is composed by two main steps: the first one is the maximization of the Shannon
entropy over a previously chosen set of graphs, G

S = − ∑
G∈G

P(G) ln P(G) (9)

under a number of imposed constraints [23], generically indicated as

∑
G∈G

P(G) = 1 , ∑
G∈G

P(G)πa(G) = 〈πa〉, ∀ a (10)

(note the generality of the formalism, above: G can be a directed, undirected, binary or weighted
network). We can immediately choose the set G as the grandcanonical ensemble of binary directed
graphs, i.e., the collection of networks with the same number of nodes of the observed one (say N) and
a number of links, L, varying from zero to the maximum (i.e., N(N − 1)). This prescription leads to
the exponential distribution over the previously chosen ensemble

P(G|~θ) = e−H(G,~θ)

Z(~θ)
, (11)

whose coefficients are functions of the Hamiltonian, H(G, ~θ) = ∑a θaπa(G), which is the linear
combination of the chosen constraints. The normalization constant, Z(~θ) ≡ ∑G∈G e−H(G,~θ), is the
partition function [23]. The second step prescribes how to numerically evaluate the unknown Lagrange
multipliers θa. Let us consider the log-likelihood function lnL(~θ) = ln P(G|~θ) and maximize it with
respect to the unknown parameters. In other words, we have to find the value ~θ∗ of the multipliers
satisfying the system

∂ lnL(~θ)
∂θa

∣∣∣∣
~θ∗
≡ 0, ∀ a, (12)

or that is the same,
πa(G) = 〈πa〉(~θ∗) ≡ 〈πa〉∗, ∀ a (13)

i.e., a list of equations imposing the value of the expected parameters to be equal to the observed
one. Note that the term “expected”, here, refers to the weighted average taken on the grandcanonical
ensemble, the weights being the probability coefficients defined above. Thus, once the unknown
parameters have been found, it is possible to evaluate the expected value of any other topological
quantity of interest, X:

〈X〉∗ = ∑
G∈G

X(G)P(G|~θ∗). (14)

Because of the difficulty to analytically calculate the expected value of the quantities commonly
used in complex networks theory, it is often necessary to rest upon the linear approximation method:
〈X〉∗ ' X(〈G〉∗), where 〈G〉∗ indicates the expected adjacency matrix, whose elements are 〈aij〉∗ ≡ p∗ij.
For the weighted directed version of networks, a very useful null model is the weighted directed
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configuration model (WDCM) that imposes the in and out strength sequence for every node (that is,
the import and export sequence for every layer). The Hamiltonian will thus be:

HWDCM = ∑
i
(αi sin

i + βi sout
i ) = ∑

i 6=j
(αj + βi) wij. (15)

2.5. z-Score and Statistical Validation

The transformed quantities defined in (5) and (6) capture the similarity (correlation) between
layers in a multiplex by comparing the empirical values with the expected values under a null model
(the WDCM, Equation (15)). However, those quantities do not consider any information about the
variances of the values of multiplexity and multireciprocity under the null model, thus giving no direct
information about statistical significance. Given the absence of any parametric scale, it is difficult to
disentangle, weak interlayer dependencies from pure noise. Put simply, if 0 signals that two layers
are uncorrelated, what is the band of decimal values that are acceptable (i.e., significant) under the
constraints we imposed? Moreover, the random fluctuations around the expectation values will in
general differ for different pairs of layers, making our choice even more difficult and arbitrary. A way
to solve this problem is to accept only those values that exceed a given number (threshold) of standard
deviations of the mean value, more formally, for the multiplexity:

z(mAB) ≡ mAB − 〈mAB〉√
〈(mAB)2〉 − 〈mAB〉2

(16)

and for the multireciprocity:

z(rAB) ≡ rAB − 〈rAB〉√
〈(rAB)2〉 − 〈rAB〉2

. (17)

For the explicit analytical expressions for these z, see [16]. The z-scores have the same signs as
the corresponding quantities (see [16] for demonstration), but in addition they allow us to test for
statistical significance using, e.g., a threshold of zc = 2 as in our case.

3. Results

3.1. Descriptive Statistics

The research is based on two categories of information: financial and environmental. As the two
types of flows have different units of measurement both within and between them, data have been
standardised to eliminate differences in units of measurement and make them comparable across
countries. The standardisation is done for each country by dividing the difference between total export
and import flows by the sum of total export and import flows. Data considered are exclusively those
that are exchanged between the Mediterranean countries under analysis. Therefore, all environmental
and financial flows transferred between residents within each country are not considered. We have
obtained a range (−1;+1) for all environmental and financial variables for each country. Negative
(positive) imbalance values identify countries that are net importers (exporters) of environmental and
financial flows, respectively. Table 1 (layers from 4 to 9) shows that, throughout the sample period,
the environmental imbalances between the Mediterranean countries that we consider in our analysis
present a rather heterogeneous picture.
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Table 1. Environmental and financial imbalance across Mediterranean Countries (Average 2002–2015).
Source: Author’s elaboration on the Eora MRIO database and Coordinated Portfolio Investment Survey
(CPIS) database.

Layer Cyprus Egypt France Greece Israel Italy Lebanon Malta Spain Turkey

1 Equity −0.12 −0.40 0.14 −0.21 0.37 0.21 0.45 −0.70 0.00 −0.66
2 Long T.D. 0.33 0.15 0.34 −0.29 −0.06 −0.26 −0.12 0.82 −0.31 −0.91
3 Short T.D. −0.27 0.54 0.38 −0.12 −0.08 −0.39 −0.05 −0.14 −0.31 −0.53

4 Air NOx 0.39 −0.17 0.55 0.72 0.85 −0.42 −0.68 0.75 −0.86 0.75
5 GHG CO2 −0.20 −0.77 0.62 0.85 0.35 −1.00 1.00 0.86 0.99 −0.99
6 Air PM10 −0.89 −0.95 0.98 0.99 0.93 1.00 0.05 −1.00 −1.00 0.20
7 Air SO2 −0.34 −0.72 0.87 0.94 −0.99 −0.83 −0.98 −0.99 −0.22 −0.22
8 Water 0.31 −0.81 0.11 0.67 1.00 −0.11 −0.85 0.94 −1.00 0.99
9 Energy −0.91 0.76 1.00 0.18 −0.85 −0.96 −1.00 −0.17 0.85 −0.59

However, we can find some countries showing the same performance for all environmental
dimensions. In particular, France and Greece are net exporters of environmental flows, while Egypt
and Italy, with the exception of energy and Air PM10, respectively, are net importers of emissions.
Focusing on CO2 emissions, we find out that Italy shows the most relevant imbalance. Our finding
is coherent with previous studies focused on the Mediterranean that have found this area resulted
as a net importer of CO2 emissions embodied in traded goods and that, among Mediterranean
countries, the most relevant flows of CO2 emissions come from Italy to France [24]. This evidence
confirms the hypothesis underlying the production-based accounting approach according to which an
imports-oriented country will allocate a lower amount of emissions than the ones induced the domestic
consumption [25,26]. On the contrary, a country whose economy is mainly exports-oriented will have,
for a given amount of final consumption, more direct emissions than a non-exporting country [27,28].
Table 1 shows the imbalance in financial flows between the countries analysed. The heterogeneity
between countries is lower and most of them show the same net positions for most layers. As already
seen for environmental flows, France is also a net exporter to other countries for all financial activities,
while Greece remains a net importer also for financial trade. Equity is the layer with the highest
variability while most of the countries are net importers of debt financial flows, especially short-term
debt. The exceptions refer to Cyprus, Malta, Egypt and France for long-term debt and the two latter
for short-term debt. Interestingly and consistent with what we expected, Italy is a net exporter of
equity and, as we have seen above for environmental margins, is a net importer both of long- and
short-term financial flows. This result is consistent with the foreign exposure of the Italian public debt,
in particular for the entire period of our sample. In Figure 2, we show a picture of the environmental
and financial imbalances analysed jointly within each country.

The diagrams measure the aggregation of normalised environmental and financial imbalances for
each country. In this case, as a proxy of financial flows we have considered total portfolio investment.
With regard to environmental flows, we aggregate NOx, SO2, PM10, CO2 and Water due to being
characterized by the same unit of measurement (Gg) and we separately consider Energy because it is
computed in tera joules (TJ). Overall, as far as environmental air emissions are concerned, among the
Mediterranean countries we have considered, France, Greece and Malta as net exporters, while Cyprus,
Egypt, Lebanon, Italy, Spain and Turkey as net importers. Israel is substantially in the balance, exports
and imports of environmental flows tend to balance each other. Differently, when Energy is considered,
Cyprus, Israel, Italy, Lebanon, Malta and Turkey result as net importers while Egypt, France, Spain
and, to a lesser extent, Greece are net exporters. As far as financial flows are concerned, France,
Malta, and partially Cyprus are the only countries with a significant positive imbalance (net exporter),
while Egypt, Italy, Spain and, more severely, Greece and Turkey show a negative imbalance. Lebanon
shows a substantially balance between outgoing and incoming financial flows. Finally, Table 2 shows
the ranking of the Revealed Comparative Advantages (RCA) of our sample of the Mediterranean
countries in relation to the six environmental dimensions considered in our study. The aim of the
RCA is to indicate whether a country’s share of the world product market is greater or less than the
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product share of the entire world market. It is used in international economics to calculate the relative
advantage or disadvantage of a certain country in a certain class of goods or services. RCA most
commonly refers to an index introduced by Béla Balassa [29]: a comparative advantage is revealed if
RCA > 1, whereas, if RCA is less than unity, the country is said to have a comparative disadvantage
in the commodity or industry. In our study, the total market is represented by our sample of the
Mediterranean area. Countries that have a comparative advantage to pollute within their borders and,
therefore, to export goods are at the top of the pyramid; conversely, a country below has a comparative
advantage to produce outside the borders and to import the final consumption. In line with the picture
outlined above, this indicator also shows a high heterogeneity between environmental emissions and
does not draw a clear line of demarcation between net exporters and importers. It suggests that the
matrix of Mediterranean countries in our study is characterized by intricate patterns of trade and trade
relations that could reflect both the economic strategies and characteristics of the production systems
of each country and the need to maintain an economic and political balance in the region between
countries.

Figure 2. Total emissions and total portfolio imbalances (average 2002–2015). Source: Authors’
elaboration on Eora MRIO and Coordinated Portfolio Investment Survey (CPIS) database.

Table 2. Revealed Comparative Adventage (RCA) between Mediterranean Area (Average 2002–2015).
Source: Author’s elaboration on the Eora MRIO database.

Ranking Air NOx Air SO2 Air PM10 Energy GHG CO2 WaterFootprint

1 Cyprus Israel Greece France Israel Cyprus
2 Malta Egypt Turkey Cyprus France Malta
3 Lebanon Italy Spain Egypt Egypt Turkey
4 Turkey Turkey France Turkey Italy Spain
5 Spain Greece Egypt Israel Greece Lebanon
6 Egypt Malta Cyprus Italy Turkey Egypt
7 Italy Lebanon Israel Greece Lebanon France
8 Israel Cyprus Italy Malta Cyprus Israel
9 Greece France Lebanon Lebanon Malta Greece

10 France Spain Malta Spain Spain Italy
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The following analysis is aimed at finding out whether the spatial scale of the different sources of
pollution affects their distribution. Since environment and climate change is a phenomenon combining
global with local characteristics, starting from [30], we grouped the environmental flows in three
categories: local, glocal and global emissions. Local emissions are those that impact essentially in
the vicinity of the place that originated them, unlike global emissions, which have a wide (global)
distribution effect. A third category is that of glocal emissions, characterised by a dual impact,
both local and global. Local are considered emissions of PM10, SO2 and water footprint. Emissions
of NOx are considered to be glocal and, finally, CO2 is considered to have a global dimension. Energy
is not considered. Interestingly, as we have seen above, we can observe that France and Greece
are net exporters of all types of environmental flows, whereas all other countries are net importers
of local impact emissions while they show a certain heterogeneity regarding to glocal and global.
Italy and Egypt are always net importers of emissions; Israel and Malta are net importers of local
impact emissions and net exporters of those glocal and global. In contrast, Lebanon and Spain are net
importers of local and glocal emissions and net exporters of those global. Finally, Cyprus and Turkey
are net importers of local and global impact emissions and net exporters of those glocal (Table 3).

Table 3. Imbalance of Local, Glocal and Global impact emissions across countries (average 2002–2015).
Source: Author’s elaboration on the Eora MRIO database.

Countries Local Impact Emission Glocal Impact Emission Global Impact Emission

Cyprus −0.520 0.388 −0.202
Egypt −0.870 −0.166 −0.770
France 0.949 0.546 0.623
Greece 0.805 0.725 0.855
Israel −0.836 0.855 0.348
Italy −0.514 −0.423 −1.000

Lebanon −0.854 −0.681 1.000
Malta −0.985 0.747 0.855
Spain −0.989 −0.856 0.995

Turkey −0.211 0.749 −0.991

3.2. Network Analysis

Figure 3 shows the temperature map or multiplexity and multireciprocity (Equations (3) and
(4)) averaged over the years 2002–2015. Multiplexity and multireciprocity are normalized (varying
between 0 and 1) indicators of the overlapping degree of layers in a multiplex (a network with multiple
kind of flows), for flows in the same and in the opposite direction. Equity has a slightly higher degree
of overlapping with environmental layers compared to the other financial flows. However, long-term
debt shows a remarkable strong, reverse nexus with SO2 and energy. Reverse flows also show a
higher overlapping and, surprisingly, the nexus between environmental and financial layers is more
intense than that among environmental layers, with the exception of the nexus between water and
NOx. Remarkable also is how equity and long term debt form a very strong, reverse nexus (flows in
the opposite direction).

Figure 4 shows the temperature maps of the correlation matrix of the significant values (z-score
greater than 2) of the enhanced multiplexity µ and multireciprocity ρ respectively, averaged over the
years 2002–2015. Here, values can be positive or negative, reflecting the extent to which the overlapping
of flows is more or less explained by the overlapping of topologies. We will use the term correlation in
a broad sense and, although the measure is not normalized, it generally varies between −1 and +1,
regardless of the pair matching of flows’ direction. When the value is positive (negative), it means
that more flow of one type corresponds to more (less) flow of another type, regardless of the similarity
between the two layers’ topology (i.e., they share the same hubs). To put it simply, here synergism
does not depend on trade relationships—some other intrinsic mechanism is at work. When the value
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is 0, the observed overlapping is fully explained by topology (trade relationships). For flows in the
same (multiplex) and in the opposite (reciprocal) direction, equity and long-term debt show in most
cases a negative correlation with the environment. Only SO2, which is mainly due to coal combustion,
either from the power sector or metallurgy, show a positive correlation with financial flows, mostly for
opposite flows. Short-term debt in most cases shows no significant correlations, with the exception of
a positive, multiplex correlation with energy.

1 2 3 4 5 6 7 8 9

1

2

3

4

5

6

7

8

9

1 2 3 4 5 6 7 8 9

1

2

3

4

5

6

7

8

9

1

10

1

2

1

1 2 3 4 5 6 7 8 9

1

2

3

4

5

6

7

8

9

1 2 3 4 5 6 7 8 9

1

2

3

4

5

6

7

8

9

1

100

2

25

3

20

Figure 3. Temperature maps of multiplexity and multireciprocity, Equations (3) and (4), averaged over
the years 2002–2015. The intensity of the colour, from white (score = 0) to red (score = 1), indicates
the overlapping degree between couple of layers across the whole network, for flows in the same and
opposite directions.
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Figure 4. Temperature maps of the enhanced multiplexity and multireciprocity, Equations (5) and (6),
with z-score > 2, averaged over the years 2002–2015. White indicates no significant correlation, shades of
yellow positive and shades of blue negative correlations, for flows in the same and in opposite direction.

4. Discussion

Many studies focused on the worldwide increasing connection and environmental
exchange [31,32]. The transfer of embodied emissions flows in commodity production affects
the environmental system in trading area [32,33]. Xu et al. [15] (2018) found that, over time,
all flows between distant countries are increased more than those between adjacent countries.
Furthermore, large increases in virtual resource flows also affect the financial capital flows between
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countries [34]. Some empirical evidence has recently found that more financialised countries display
higher correlations between outgoing financial flows and incoming environmental flows than from
lower financialised countries [14]. In Figure 5, we show the imbalance of environmental emissions
between the top 10 countries of the North and South Mediterranean areas. All of the EU countries of our
sample (Cyprus, France, Greece, Italy, Malta and Spain) are classified as the North area, whereas Egypt,
Israel, Lebanon and Turkey are within the South area. Interestingly, and consistent with the results
in Ruzzenenti et al. [14], data show an opposite pattern between North and South Mediterranean
countries, suggesting that the former, generally more financial developed, are net exporters of energy
and emissions, whereas the latter are net importers.

Figure 5. Imbalance of Environmental Emissions between the North and South Mediterranean Areas
(average 2002–2015). Source: Authors’ elaboration on the Eora MRIO database

With regard to energy transfer, we have observed that the Mediterranean countries that are part
of the EU export to other countries in our sample an average of 551,120 terajoules. The process of
exporting energy from the north to the south, associated with that of financial flows, can be oriented
towards boosting production in the less industrialised countries of the area. This hypothesis may
be confirmed by the analysis of the flows of environmental emissions. We observe that the gap of
exchange flows between the North and South Mediterranean decrease with the spatial dimension
where the environmental factors are located. In more detail, the greatest imbalance affecting South
Mediterranean countries refers to local impact emissions (PM10, SO2 and water footprint) followed
by nitrogen flows,NOx (i.e., glocal impact emissions) that show a strong and positive imbalance
to the detriment of the same group of countries. The gap tends to be more balanced when global
impact emissions (CO2) are considered. This is because all missions are highly connected and CO2

represents the central node of the environmental network because all material processes generate CO2

emissions [35–37]. Therefore, each economy affects, and is affected, by these highly interconnected
processes. This centrality also explains why CO2 plays a crucial role in global warming. Table 4
provides evidence about the emissions trend with regard to three typologies of environmental flows.
In the last decade, data show that North Mediterranean countries have always been exporters of
pollution. In contrast, South Mediterranean countries have been net importers of emissions and it has
been observed for all environmental flows. Again, we found the greatest imbalance in local impact
emissions whose trend has substantially been stable over the observation period.

We observe the same pattern with regards to the nitrogen emissions (glocal): differences between
outgoing and incoming flows have substantially remained unchanged during the last two decades.
South Med countries have steadily been importers of environmental flows, whereas Northern countries
have always been net exporters. However, the gap is slightly lower compared to the local emissions.
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In contrast, data provide evidence of a steady increase of CO2 imported emissions by Southern
countries. It is worth noting that, whereas local and glocal emissions show a reversal trend in 2015,
data on CO2 suggest that North Mediterranean area have hardly increased their exports; specularly,
Southern countries continue to be net importers.

Table 4. Imbalance of Environmental Flows between the North and South Mediterranean areas over
the period 2002–2015. Source: Author’s elaboration on the Eora MRIO database.

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Global Impact Emissions North Med 0.173 0.232 0.266 0.254 0.292 0.303 0.317 0.331 0.375 0.379 0.402 0.409 0.418 0.952
South Med −0.173 −0.232 −0.266 −0.254 −0.292 −0.303 −0.317 −0.331 -0.375 −0.379 −0.402 −0.409 −0.418 −0.952

Glocal Impact Emissions North Med 0.813 0.831 0.850 0.854 0.849 0.855 0.836 0.822 0.830 0.829 0.823 0.807 0.795 −0.566
South Med −0.813 −0.831 −0.850 −0.854 −0.849 −0.855 −0.847 −0.822 −0.830 −0.829 −0.823 −0.807 −0.795 0.566

Local Impact Emissions North Med 0.933 0.939 0.945 0.949 0.949 0.954 0.958 0.955 0.959 0.955 0.959 0.958 0.958 −0.645
South Med −0.933 −0.939 −0.945 −0.949 −0.949 −0.954 −0.958 −0.955 −0.959 −0.955 −0.959 −0.958 −0.958 0.645

We run the same analysis for portfolio investment between the two Mediterranean macroarea.
Table 5 shows an unclear pattern of the financial flows direction. On average, North Med countries
have been net exporters of equity and, more significantly, in long-term debt, whereas South Med
countries have been net buyers of short term debt. The trend analysis highlights how assets of portfolio
investments are characterized by different dynamic across the period. The attitude to act as importers
or as exporters, although not particularly high, shows a certain variability for equity investment,
whereas the graphic on long-term debt reveals that Northern and Southern Mediterranean countries
are steadily net buyers and net sellers, respectively. It is worth highlighting that short-term debt, after
an initial phase where both groups of countries behave both as importers and exporters, starting from
2010 shows a stable pattern with Northern as importers and Southern as exporters.

Table 5. Imbalance of Financial Flows between the North and South Mediterranean areas over
the period 2002–2015. Source: Author’s elaboration on Coordinated Portfolio Investment Survey
(CPIS) database.

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

EQUITY North Med 0.821 0.415 0.065 0.616 −0.372 0.395 0.570 −0.413 0.941 0.569 0.279 0.016 0.987 −1.000
South Med −0.821 −0.415 −0.065 −0.616 0.372 −0.395 −0.570 0.413 −0.941 −0.569 −0.279 −0.016 −0.987 1.000

LONG T.D. North Med 0.652 0.840 0.793 0.867 0.706 0.786 0.721 0.567 0.697 0.987 0.857 0.735 0.806 0.126
South Med -0.652 −0.840 −0.793 −0.867 −0.706 −0.786 −0.721 −0.567 −0.697 −0.987 −0.857 −0.735 −0.806 −0.126

SHORT T.D. North Med 0.434 0.854 −1.000 −1.000 0.765 −0.599 1.000 0.962 −0.992 −1.000 −1.000 −1.000 −1.000 −0.900
South Med −0.434 −0.854 1.000 1.000 −0.765 0.599 −1.000 −0.962 0.992 1.000 1.000 1.000 1.000 0.900

Overall, country-by-country analysis, for both financial and environmental flows, shows an
uneven picture and the export of environmental emissions, by the more to less industrialized countries,
does not seem confirmed. However, when the flows of incoming and outgoing countries are aggregated
and the sample is split into North and South Mediterranean areas, data show a strong imbalance in
environmental emissions to the detriment of the latter while a coherent pattern for financial flows is
observed, where richer countries increase their equities and bond assets (Figure 6).

With regard to the embroilment of financial and environmental flows across the Mediterrean area,
from the present analysis, no clear information emerges on the prominent role of equities in trading
with environmental loads embodied in goods. These results contrasts with a previous study focusing
on OECD countries [14]. In one case, however, equity shows a significant, positive nexus with SO2.
This is the strongest positive nexus observed, and it is more pronounced for opposite flows, suggesting
that equity is exported to import coal-intensive products. The strongest negative nexus is exhibited by
multiplex flows linking the long-term debt and water. As a matter of fact, water shows the strongest
negative, reverse nexus with all financial layers, meaning that the more the network’s country tends
to trade finance, the less trade embodied water and vice versa. Water is not exchanged for finance
as coal intensive goods. It is also worth noting how environmental layers are mostly uncorrelated.
Even CO2 shows no significant correlation with energy, a result that contradicts previous studies
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on the global multiple virtual material flows network [15]. On a global scale CO2 and energy show
the strongest nexus, foremost for flows in the opposite direction, with an increasing trend beginning
with the 2000s. This nexus suggests that, in the world, from the beginning of the century, more and
more countries began outsourcing carbon intensive energy and that this was not the case among
Mediterranean countries.

Figure 6. Imbalance of Financial Flows between North and South Mediterranean Areas (average
2002–2015). Source: Authors’ elaboration on Coordinated Portfolio Investment Survey (CPIS) database

5. Conclusions

The aim of this study was to identify whether financial and environmental flows have been
redistributed within the main Mediterranean countries, with particular reference to pollution.
Applying advanced methods of correlation and network analysis, we verify the dynamics of transfer
processes for environmental flows, classified by pollution features.

Countries we have analysed show heterogeneous behaviour, both with regard to environmental
and financial imbalances. However, when we focus on two macro-areas, the results confirm the
hypothesis that the most financialised countries (which in our sample coincide with the countries of
the north of the Mediterranean and which are part of the European Union) have carried out a process
of transfer of financial, energy and environmental flows which constitutes the core of our work.

In particular, the countries of the Northern Mediterranean, typically characterized by a higher
GDP, transfer financial and energy resources to the countries of the Southern Mediterranean. Capital
and energy allow for increase fixed investments that produce polluting emissions. Our research
has made it possible to highlight how the export component of emissions towards the south of the
Mediterranean is concentrated in emissions with the greatest local impact. The result is consistent with
the relationship between the surplus of the trade balance of the most industrialized countries and the
method of accounting for consumption for the attribution of pollutant emissions.

This process is accompanied by a substantial increase in the financial activities of the countries of
the North of the Mediterranean to the detriment of those of the South of the Mediterranean, which
appear to be more indebted. Even if financial activities show a very weak, often negative, correlation
with the environmental flows embodied and only in limited cases, we discover that the economic
and financial development of the Nord Med go together with a growing impact on environmental
sustainability measured by the various types of emissions covered by our study. After Boyce [11],
our study shows how most industrialized countries of the Mediterranean area are widening the
economic and financial gap with the countries of the Southern Mediterranean.
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