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Economy-wide Material Flow Accounts allow for monitoring and assessing the material use of an economy over a territory (a country or a region) through different indicators. These indicators represent the mass of inputs and outputs material flows for the economic system. They are often expressed in the form of per-capita ratio to compare territories with different sizes.

In this article we show that some of these indicators, even when they are divided by the population, are not suitable for comparing different territories. This is especially the case for import and export indicators, and their derivatives. These indicators are said "non-additive" or rather "scale sensitive" and they are mathematically lower for large territories than for smaller ones.

Nous discutons également des conséquences de la sensibilité d'échelle dans l'interprétation des indicateurs d'importations et d'exportations. Nous suggérons deux approches pour obtenir des indicateurs plus comparable (ou insensibles à l'échelle) : dissocier l'origine des importations et calculer l'importation individuelle. La seconde approche donne un point de vue intéressant : elle rend visible l'influence de la densité de population dans les dynamiques matérielles d'un territoire.

We prove and quantify this scale sensitivity with the use of the merchandise transportation statistics (road and river) in France, and then with the use of a simplified mathematical model. The difference between both methods allows us to highlight that the territories are mainly mobilising local material.

We also discuss the consequences of scale sensitivity in construing import and export indicators. We offer two approaches to get more comparable (or scale insensitive) indicators: dissociating import origins and computing individual imports. The latter gives an interesting point of view: it helps make visible the influence of population density in the material dynamics of a territory.

Résumé

La comptabilité des flux de matière pour une économie entière (Economy-wide Material Flow Accounts) permet de suivre et d'évaluer l'utilisation de matière par l'économie sur un territoire (un pays ou une région) à travers différents indicateurs. Ces indicateurs représentent la masse des flux de matière en entrée et en sortie du système économique. Ils sont souvent exprimés sous la forme de ratio rapporté à la population afin de comparer des territoires de différentes tailles.

Cependant, nous montrons dans cet article que certains de ces indicateurs, même rapporté à la population, ne sont pas adéquats pour comparer différents territoires. C'est particulièrement le cas des indicateurs d'importations et d'exportations, et de ceux qui en sont dérivés. Ces indicateurs sont dits « non-additifs » ou plutôt « sensibles à l'échelle » et sont mathématiquement plus petit pour les grands territoires que pour les plus petits.

Nous pouvons et quantifions cette sensibilité d'échelle sur la base des statistiques françaises de transport de marchandises (route et voie navigables), puis en utilisant un modèle mathématique simplifié. La différence entre les deux approches nous permet de souligner que les territoires mobilisent principalement des matériaux locaux.

Introduction

Economy-wide Material Flow Accounts (EWMFA) is a methodology proposed by Eurostat (2001) that aims to account and balance the material flows mobilised by a country. Initially dedicated to national statistics, the method can adapted for studying smaller territories like regions [START_REF] Barles | Urban Metabolism of Paris and Its Region[END_REF]CGDD 2014). EWMFA allows to monitor and to assess the material use of a socio-economic system over a territory through different indicators [START_REF] Bringezu | Rationale for and Interpretation of Economy-Wide Materials Flow Analysis and Derived Indicators[END_REF]. These indicators represent the total mass of mobilised material flows, divided into four main categories: Imports (I) and Domestic Extraction (DE) in inputs of the system; Exports (E) and waste and emissions to environment (or Domestic Processed Output -DPO) in outputs.

The methodology also considers indirect mobilised material, i.e. the material that has been mobilised by other territories to produce the goods that are imported into the territory that is being studied. This indirect material includes waste and emissions resulting of the manufacturing process. Some scientific contributions have also added new categories by splitting the main ones, for e.g. by dissociating solid waste in imports and exports [START_REF] Barles | L'écologie territoriale et les enjeux de la dématérialisation des sociétés : l'apport de l'analyse des flux de matières[END_REF]. At this point, we have identified more than fifteen indicators combining different flow categories that describe the material needs of a territory (Table 1). Some research studies are using these indicators to compare different territories (for e.g. in [START_REF] Barles | L'écologie territoriale et les enjeux de la dématérialisation des sociétés : l'apport de l'analyse des flux de matières[END_REF]. In order to compensate the differences of size between territories, these indicators are often expressed in the form of per-capita ratios. However, the use of these mass indicators is questionable: Environmental impacts are "not just a matter of weight" (Van der [START_REF] Taylor | Dematerialization: Not Just a Matter of Weight[END_REF]) and many other factors must be taken into consideration (toxicity, climatic impact …). The presence of logistic platforms such a harbour or a crossing pipeline may also significantly increase material input and output mass, without it meaning a higher consumption of material by the population on the territory. Finally, the quality of data, the scope and the assumption made often differ from one study to another. They are thus hardly comparable.

One further issue might be also raised: Some indicators like importations or exportations are influenced by the size of the territory under study, even when using population ratios. Bigger territories import or export mathematically less per capita than smaller ones. This effect is a manifestation of the Modifiable Areal Unit Problem (MAUP) formalised by [START_REF] Openshaw | A million or so correlation coefficients: three experiments on the modifiable areal unit problem[END_REF]. They illustrate how the way to delineate and group territories may have an influence on statistical data. In our study, we show that the total importation mass of a group of territories is less than the sum of mass imported by each territory. This is because all flows exchanged between these territories are no longer considered as importation for the group of territories.

We have not found any previous research that directly links the MAUP to the EWMFA methodology. This problem is often mentioned as "non-additivity across territories1 " (OECD 2008) of import, export and derived indicators (see Table 1). Indeed, it is not possible to simply sum these indicators to obtain the indicator of a group. In this article, we will further see that it is not only a matter of addition, but also of division when using per-capita ratios. Thus, we prefer to use the term "scale sensitivity" rather than "non-additivity". This article aims to establish a clear link between the MAUP and the imports and exports indicators in the EWMFA methodology. In a first part, we will demonstrate and quantify the phenomena using first a real case study and then a mathematical model. In a second part, we will discuss the existence of the MAUP at different scales and its consequences in the interpretation of the said indicators. Lastly, we offer two approaches that aim to circumvent the problem. In a matter of efficiency, we focus only on importations, but the same line of thought could be applied on exportations.

Imports through the administrative structure of France

To illustrate our purpose with a real example, we look at the "administrative layer cake" of France.

From 1970 to 2015, France2 was subdivided into 22 regions that were each subdivided into two to five departments, for a total of 96 departments. In 2016, the repartition of regions changed. There are now 13 new regions gathering and replacing one, two or three former regions (the number of departments remains the same).

It is not possible in this article to show all the data for the 132 territories (1 country, 13 new regions, 22 former regions, 96 departments). Also, we will take a specific look at the Grand Est region3 . This new region gathers three former regions (Alsace, Champagne-Ardenne, Lorraine) and a total of ten departments (Table 2, column 0).

As a first step of our data process, we have computed the imported material mass for the 132 French territories. This was done thanks to dedicated software currently under development [START_REF] Pion Ribon | Système d'Information pour l'analyse du métabolisme territorial[END_REF] and thanks to the data provided by a French ministerial service4 . This data helps calculating truck and river transportation of goods between departments in France and abroad in 2010. It is based on a survey among transport operators. It was not possible to consider others transportation means (railway, airway, naval and pipeline), since data accessibility and quality were not sufficient. We recognise this bias in the study, but: 1) It has very little influence on what we want to demonstrate, i.e. the importation scale sensitivity ; 2) In 2010 in France, 84,6 % of all freight transport was roadrelated and 2,2 % was navel. (MEDDTL 2012). Thus, the data collected, used and calculated allows for a good representativity.

The data is provided in the form of six excel spreadsheets. Each row shows the estimated annual flow mass (and the mass • distance product) for a unique triplet Origin / Destination / Item of NST 20075 . Origin and destination are departments if they are in France, countries otherwise. To obtain the import mass for a territory (department, region, country), we add the annual flow mass of all rows where the origin is not included in the territory, but the destination is. This approach corresponds to the methodology offered by the CGDD (2014). We can then calculate the per-capita ratio. The corresponding values for the Grand Est region can be found in Table 2 (columns 2 and 3).

We also show the distribution of all import ratios at different administrative scale in France (Figure 1). In the table and on the figure, we do observe that the import ratio of bigger territories is globally lower than the import ratio of smaller territories. In order to better quantify the scale sensitivity effect, we have developed a mathematical model that will be introduced in the next paragraph. This model is used to prove and quantify the scale sensitivity in a simplified world.

Mathematical model

The development of an import scale sensitivity mathematical model is intended to quantify the phenomenon, and thus, establish a formal proof. The model may also help to highlight the factors that affect it. In order to keep the model simple, we formulate few assumptions. We conclude by comparing the results given by the model and the ones based on real data.

Model description

In the following, 𝑛 ∈ ℕ * , 𝐈 = {1, 2, … , 𝑛} and 𝑖 ∈ 𝐈 and 𝑗 ∈ 𝐈 such as 𝑖 ≠ 𝑗.

We consider the world Ω as a surface called world space. . Using a numerical subscript notation 𝑅 means that the region gathers the 𝑥-first territories (𝑥 ∈ 𝐈), i.e. 𝑅 = ⋃ 𝑇 𝑃(𝑅): 𝐄 → ℕ is an application that returns the number of inhabitants of a region 𝑅.

The territories are exchanging material in the form of goods that can be quantified by their mass. If we set a period of time (e.g. one year) and a mass unit, we can define the following applications:

 𝑓(𝑅 , 𝑅 ): 𝐄 × 𝐄 → ℝ returns the total mass of material exchanged from 𝑅 to 𝑅 .  𝑁(𝑅): 𝐄 → ℕ returns the number of elementary territories that constitute 𝑅, for e.g.: 𝑁(𝑅 ) = 𝑥 and 𝑁(Ω) = 𝑛.  𝑀(𝑅): 𝐄 → ℝ returns the mass of all imported material of 𝑅: 𝑀(𝑅) = 𝑓(𝑅, 𝑅).  𝑚(𝑅): 𝐄 → ℝ returns the import ratio of 𝑅, i.e.: 𝑚(𝑅) = 𝑀(𝑅)/𝑃(𝑅).

Additivity and scale sensitivity definitions

We still need to mathematically define the additivity across territories or scale sensitivity. Let 𝑄 be a numerical territorial characteristic, i.e. an application 𝑄: 𝐄 → ℝ.

𝑄 is directly additive across territories if 𝑄(⋃ 𝑇 ) = ∑ 𝑄(𝑇 ) . For example, applications that return the population, the gross domestic product (GDP) or the surface of a territory are directly additive.

𝑄 is indirectly additive across territories if it exists a directly additive application 𝐷 such as: 𝐷(⋃ 𝑇 ) • 𝑄(⋃ 𝑇 ) = ∑ 𝐷(𝑇 ) • 𝑄(𝑇 ) . Different ratios such as the inhabitant density or the GDP per capita are indirectly additive.

𝑄 is non-additive across territories or scale sensitive if it is not additive (directly or indirectly). In this case, we have 𝑄(⋃ 𝑇 ) < ∑ 𝑄(𝑇 ) and 𝑄′(⋃ 𝑇 ) • 𝑄(⋃ 𝑇 ) < ∑ 𝑄′(𝑇 ) • 𝑄(𝑇 ) for any application 𝑄′ being a numerical territorial characteristic. Imports, exports, and the most of derived indicators are scale sensitive.

Model discussion

These four assumptions are far from reality but are needed to simplify the mathematical development. If we remove any of them, the calculations will become more complex, which is not intended in this article, but can be explored in further researches.

Nonetheless, we highlight a big difference between the mathematical model and reality. In the first case, the import ratio of a group of 10 territories is 9,5% less than that for a single territory. In the second case, the import ratio decreases with at least 24 % when changing the spatial system of reference from a component department to the Grand Est region (Table 2, column 3). It seems that the third assumption A3 that states a homogeneous spatial repartition of the flows is the most restrictive and may explain most of this difference. In reality, we do observe a significant preference for material coming from territories in the neighbourhood: In the Grand Est region, between 38% and 75% of the departments importations are coming from the same region (Table 2, column 4). This explains the high difference of import ratios for the departments compared to the region. This is a good remind of the first law of geography: "everything is related to everything else, but near things are more related than distant things" [START_REF] Tobler | A computer movie simulating urban growth in the Detroit region[END_REF],

Discussion and suggestions for dealing with scale sensitivity

The scale sensitivity may be perceived as counterintuitive, especially when using mass indicator to population ratios. It is usual to first consider the import ratio of a region as the weighted average of its constituting territories. For this reason, we recommend to not use such ratios: they are not adapted for comparing territories of different sizes. Their values can indeed be reduced just by widening the spatial system of reference. This may lead to the construction of nonsensical statements, but that are numerically true, such as: "A French citizen imports less than any citizen of a French department"7 . Almost half of the indicators in EWMFA methodology are scale sensitive. To build additives indicators like Physical Trade Balance or Net Addition to Stock, it is often necessary to subtract exports from imports, or reverse (Table 1).

This does not mean that the scale sensitive indicators are useless. They remain valid as historical indicators, allowing trend observation for a given territory. They also provide an order of magnitude and a global view of territorial needs [START_REF] Kleijn | Adding It All Up The Sense and Non-Sense of Bulk-MFA[END_REF]. Thus, these indicators are a good starting point for deeper analysis on a territory's metabolic dynamics.

In some circumstances or at a lower scale, the scale sensitivity may be non-existing, even for imports or exports. This concerns territories having few means of production. This is mainly the case for cities where most of the goods are imported from outside (Chrysoulakis et al. 2015). The import indicator of a city is thus probably directly additive across its neighbourhoods, the per-capita ratio being indirectly additive.

This additivity of imports ratio may also be applicable for bigger territories, but only on specific goods: the ones that are not produced on the territory. An illustration with a simple example: the mass of imported bananas is most probably additive across Nordic countries since their climate is not suitable for banana production.

Nevertheless, in other contexts where scale-sensitivity is not negligible, we might also want to compare territories on the basis of an import indicator. Thus, we present two approaches that may help to avoid scale-sensitivity.

Dissociating import origin

This approach simply consists in dissociating the origin of imported materials when changing scale from a territory 𝑅 to a larger one 𝑅 (this assumes that 𝑅 is included in 𝑅 ).

For example, we want to compare the overall Grand Est region imports with its constituting departments. Thus, for each department, we dissociate the import coming from another department of the Grand Est, with the other ones coming from outside. Corresponding values are in Table 2 (columns 4, 5). In this case, the "import from outside Grand Est" ratios in column 5 are all comparable (they are indirectly additive).

Estimating individual import

An approach often used to avoid the MAUP is working at micro scale, i.e. at the scale of individuals [START_REF] Dusek | Economy-wide material flow accounts and derived indicators: a methodological guide, Eurostat Theme 2, Economy and finance[END_REF]. Regarding our mathematical model, this approach could mean dividing the world space Ω in as many territories as inhabitants. 𝑇 becomes thus a group of ℎ territories of one inhabitant and 𝑃(Ω) = 𝑁(Ω) = 𝑛ℎ. In that case, we can obtain the theoretical import of a "singleinhabitant territory" (or individual import that we denote 𝑚 : 𝐄 → ℝ) for a given region 𝑅 through:

𝑚 (𝑅) = 𝑃(Ω) -1 𝑃(Ω) -𝑃(𝑅) • 𝑚(𝑅)
As a numerical application, we use the same previous values but we need to add new parameters.

We have thus : 𝑛 = 96 ; 𝑥 = 10 ; 𝑚(𝑇 ) = 𝛼 = 20 and 𝑚(𝑅 ) ≈ 18.1, 𝑃(𝑇 ) = ℎ = 675 000, thus: 𝑃(𝑅 ) = 𝑥ℎ = 6 750 000 and 𝑃(Ω) = 64 800 0008 . In that case, we get: 𝑚 (𝑇 ) ≈ 20.2 and 𝑚 (𝐺) ≈ 20.2. They are both equal, as expected for an indirectly additive application in a homogeneous world where the studied individual is the same for 𝑇 and for 𝑅 .

However, applying mathematical approach with real data is more complex. The formula assumes a very theoretical closed world space Ω, in which flows are homogeneously distributed. Furthermore, a single inhabitant territory cannot constitute an economy alone, and thus the notion of "import" at individual scale probably does not make much sense. Despite this etymological issue, we wish to persevere with this individual import approach with real data, because of its huge advantage to be additive, thus more comparable.

From a theoretical point of view and considering a region 𝑅 as homogeneous, the individual import can also be obtained by summing the imports 𝑀(𝑅) with its internal flows 𝑀 (𝑅) (i.e. all flows that have their origin and destination in 𝑅), then dividing by the number of inhabitants 𝑃(𝑅):

𝑚 (𝑅) = 𝑀(𝑅) + 𝑀 (𝑅) 𝑃(𝑅)
We underlie by the way that the application [𝑀 + 𝑀 ]: 𝐄 → ℝ is directly additive.

Our statistical data includes the internal flows that have the same department for origin and destination. The mass 𝑀 of the internal flows is even more important than the mass 𝑀 of imports for most departments (see Table 2, columns 2 and 6). Finally, we compute [𝑀 + 𝑀 ] (column 7) to obtain the individual import 𝑚 (column 8). This indicator can be used to compare the different territories regardless of their size.

Particularly, Corsica region (which is an island) may look very singular when it comes to the import rate: 𝑚(𝐶𝑜𝑟𝑠𝑖𝑐𝑎) = 0.4 tons per capita in 2010, it is the single dots at the bottom of regional import repartitions (Figure 1). Because of a lack of data, we could not take into consideration maritime transportation of merchandises. This is obviously a problem for studying an island that we cannot overcome here. However, the individual import of a Corsican is 𝑚 (𝐶𝑜𝑟𝑠𝑖𝑐𝑎) = 40.2 tons. This is near the average of low-density departments (37.1 tons, see further). From this point of view, Corsica does not look so singular, nor more efficient in use compared to the rest of France. Corsicans are probably just better managing their own resources for themselves, which is what we would expect from an isolated territory like an island.

In order to deepen the concept of individual import, we plot its components (population and [𝑀 + 𝑀 ]) in an x-y chart for all French departments (Figure 2). This allow us to underlie several interesting things.

At first, we observe good linear correlation for most of departments between [𝑀 + 𝑀 ] and 𝑃. This give us a mean value of individual import for these departments 𝑚 ≈ 37.1 tons. Considering only 𝑀, without 𝑀 , does not give such a good correlation. Anyway, 𝑀 is scale-sensitive, thus a linear correlation would have no sense.

However, some departments are not following the same linear trend as the majority. We see them on the right of the regression line in Figure 2. These departments are not haphazard: they are the most densely populated in France. Their material dynamic is more linear since less production means are located in densely populated territories. Consequently, a large amount of material, used and released during the manufacturing process (known as indirect material), is not imported by these territories. Mainly final products are imported, resulting in lower direct material mobilisation. The influence of the population density on the material dynamics would not be so obvious if we were considering only importations without including internal flows (or vice-versa). 

Conclusion

Comparison is a fundamental approach in any science. It allows for highlighting particular or invariant dynamics of systems (these systems are territories in our case) and for a better understanding of their functioning. But this approach also has limits and may cause a bad understanding if not correctly performed. This is the case with import and export ratios in the Economy-wide Material Flow Accounts methodology. Thanks to a simple mathematical model we showed that these indicators are subject to the modifiable areal unit problem (MAUP) and that their value tends to decrease when the spatial system of reference is larger. Thus, comparisons between territories on the basis of these scalesensitive indicators should be avoided. Exceptions can be made for territories having linear material dynamics (such as cities) or for studying particular and exotic products.

Two approaches have been presented to obtain scale-insensitive (or additive) indicators: dissociating import origin and computing individual import. The latter gives an interesting point of view: it shows the influence of population density in material dynamics and offers a quite good linear model to quantify the material dynamics of low-density French departments. For these reasons, we suggest adding individual import (and/or export) in the panel of EWMFA additive indicators, even if their meanings are not easy to understand.

The mathematical model we have presented could also help to better handle the question of scale sensitivity, and to serve as an explorative approach. But it needs to be refined to include the significant preference for material coming from territories in the neighbourhood and the impact of a non-homogeneous population density in the dynamics. The question can also be addressed to a larger audience for which flows, import and export ratio make sense, for e.g. in economy with monetary flows.

Figure 1 :

 1 Figure 1 : Import ratios (in tons per capita) of different administrative territories in France. Merchandises transported by truck and waterway only, from SitraM (2010). Population from INSEE (2010).

Figure 2 :

 2 Figure 2 : Importations + internal flows of merchandises mass according the population for the 96 French metropolitan departments. High-density: >1000 hab/sq.m, Middle density: >250 hab/sq.m.

Table 1 :

 1 

				Scale	Scale
	Indicator	Direction	Formula	sensitive /	insensitive /
				Non-additive	Additive
	(I) Imports	Input		X	
	(E) Exports	Output		X	
	(DE) Domestic Extraction (Used)	Input			X
	(DEU) Domestic Extraction Unused	I & O			X
	(DPO) Domestic Processed Output	Output			X
	(DMI) Direct Material Input	Input	DE + I	X	
	(TMI) Total Material Input	Input	DMI + DEU	X	
	(TMO) Total Material Output	Output	DEU + DMO	X	
	(DMO) Direct Material Output	Output	DPO + E	X	
	(TDO) Total Domestic Output	Output	DPO + DEU		X
	(DMC) Domestic Material Consumption	Mixed	DMI -E		X
	(PTB) Physical Trade Balance	Mixed	E -I		X
	(NAS) Net Addition to Stock	Mixed	Inputs-Outputs		X

Main indicators of the Economy-Wide Material Flow Accounts (according Eurostat 2001, OECD 2008 p.84). Indicators based on raw material equivalent are not mentioned.

  We partition Ω into a set of 𝑛 surfaces 𝑇 , 𝑇 , 𝑇 , … , 𝑇 called "elementary territories". By definition: Ω = ⋃ 𝑇 and 𝑇 ∩ 𝑇 = ∅. 𝑅 illustrates a "region", this is a surface constituted by one or several different elementary territories. 𝐄 refers to the set of possible regions. By definition T ∈ 𝐄. A more formal definition shows 𝑅 ∈ 𝐄 ⟺ it exists distinct 𝑎, 𝑏, 𝑐, … , ∈ 𝐈 such as 𝑅 = ⋃ 𝑇

, , ,…

Territories may be countries, regions, or any geographic area on earth.

It is here only metropolitan France, excluding non-European French territories.

The rest of the data is provided as additional material.

Service of data and statistical studies (Service de la donnée et des études statistiques -SDES) of french ministery for ecological and solidary transition (Ministère de la Transition écologique et solidaire). The data are drawn from a database called SitraM (Système d'information sur les transports de Marchandises).

Standard goods classification for transport statistics 2007: It is the nomenclature used for transport statistics within E.U. since 2007 (see also Commission Regulation (EC) No 1304/2007 of 7 November 2007, http://data.europa.eu/eli/reg/2007/1304/oj).

This is inspired by France which is divided into 96 administrative departments. Grand Est Region gathers 10 of them.

Excluding Corsica island which has atypical material dynamic.

This is about the population of Metropolitan France.
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Assumptions

In order to (drastically) simplify the demonstration, we can make the following four assumptions: (A1) Imported material mass is proportionate to the population of each elementary territory by a factor 𝛼. This is 𝑀(𝑇 ) = 𝛼 • 𝑃(𝑇 ).

(A2) Territories have homogeneous density and the same number ℎ ∈ ℕ of inhabitants. Thus 𝑃(𝑇 ) = ℎ.

(A3) Flows are perfectly homogeneously distributed across territories: each territory is importing the same mass of material from each of the 𝑛 -1 others territories. There is no preference factor, such as proximity. Thus 𝑓 𝑇 , 𝑇 = .

(A4) World space is a closed space. There is no material exchange with elsewhere. There is also neither extraction of material, nor releases in the environment, or storing capacity. The mass conservative law is verified, i.e. the mass of inputs equals the mass of outputs for any territory. In a way, this would be the ultimate stage of a circular economy.

Proof of scale sensitivity

In order to quantify the scale sensitivity on import ratio, we can calculate it for an elementary territory 𝑇 and for a group of territories 𝑅 .

Elementary territory import ratio (according assumption A1) :

Group of territories import ratio:

The population is directly additive, thus 𝑃(𝑅 ) = ∑ 𝑃(𝑇 ) = 𝑥ℎ. However 𝑀(𝑅 ) < ∑ 𝑀(𝑇 ) . Instead we have to sum all flows going from territories outside 𝑅 (that is all 𝑇 such as 𝑖 > 𝑥), to those inside (𝑖 ≤ 𝑥). This can be conveyed as:

Finally, we obtain: 𝑚(𝑅 ) = • 𝑚(𝑇 ) ≤ 𝑚(𝑇 ). This proves that, in a homogeneous world, the import ratio of a group of territories is below the one of the territories in this group.

To illustrate the effect with a numerical example, we set 6 : 𝑛 = 96 ; 𝑥 = 10 and 𝑚(𝑇 ) = 𝛼 = 20 tons per capita per year (t/cy). Thus, we obtain 𝑚(𝑅 ) ≈ 18.1 t/cy , i.e. 9.5 % less than 𝑚(𝑇 ). The missing 1.9 t/cy correspond to the exchange between two elementary territories in 𝑅 .

Administrative Structure Imports Dissociation of import origin

Including internal flows