
Unequal raw material exchange between and within 

countries: Galicia (NW Spain) as a core-periphery 

economy

Pablo Piñero1, David Pérez-Neira*2, Juan Infante-Amate3, María L. Chas-Amil4, Xoán R. Doldán-

García5

1Water, Energy and Environmental Engineering, Faculty of Technology, University of Oulu, Oulu, Finland
2Department of Economics and Statistics, University of León, León, Spain
3Department of Geography, History and Philosophy, University Pablo de Olavide, Sevilla, Spain
4Department of Quantitative Economics, Universidade de Santiago de Compostela, Santiago de Compostela, Spain
5Department of Applied Economics, Universidade de Santiago de Compostela, Santiago de Compostela, Spain
*Corresponding author: dpern@unileon.es

Abstract

A global multi-regional input-output model with sub-national resolution for Galicia, north-west Spain, was

used to study physical and value added trade balances between Galicia, the rest of Spain and the world.

Within the framework of Ecologically Unequal Exchange theory, we argue that a region, such as Galicia, can

play a twofold role as core and periphery in the global division of extractive activities. We show that Galicia

is a sink, i.e. net importer of natural resources from middle- and low-income economies, and that the lower

the income of the trade partner, the more raw material intensive the imports (measured as upstream kg per

USD imported value added). However, this physical deficit is less accentuated than for the rest of Spain and

Galicia’s  material  footprint  is  significantly lower  (~14.2 compared with ~24.5 tonnes/capita).  Moreover,

Galicia  is  a  source,  i.e.  net  exporter  of  raw  materials  compared  with  more  thriving  European  Union

economies and, even for some key trade partners, such as Germany, UK and the rest of Spain, it is a net

importer of value added. 
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Highlights

• Material and value added flows between Galicia (NW Spain), the rest of Spain and the world were studied.

• Sub-national differences makes Ecologically Unequal Exchange more complex to assess.



• A region can play a twofold role as core and periphery in the global division of extractive activities.

• Galicia is a sink of natural resources from lower income countries, but  it is a source compared with more 

thriving economies.
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1. Introduction

Orthodox trade theory states that free trade allows countries to benefit from exchanging products according

to  their  comparative  advantages,  by specialising  in  exporting  those  products  they  can  produce  more

efficiently. In contrast, the theory of Ecologically Unequal Exchange (EUE) states that free trade generates

winners and losers,  with poor countries specialising in primary and extractive activities,  with low value

added  but  high  environmental  and  social  impacts,  and  rich  economies  specialising  in  high  value

manufacturing and services provision. This situation restricts development options for poor countries and

perpetuates  inter-territorial  inequalities  (Andersson  and  Lindroth,  2001;  Hornborg,  2009;  Muradian  and

Martinez-Alier, 2001). EUE theory is rooted in the  theories  of ‘unequal economic exchange’ (Emmanuel,

1972), ‘dependence’ (Prebish, 1950) and ‘world system’ (Wallerstein, 1974), and emerged as an ecological

interpretation of these intellectual traditions (Hornborg, 1998). In a world system economy where wealthy,

developed  nations  represent  the  core  and  poor,  underdeveloped  nations  constitute  the  periphery,  EUE

suggests that core nations rely on foreign natural resources to fuel their socio-economic metabolism, pushing

the ‘commodity frontiers’ (Moore, 2000) and causing environmental cost shifting to periphery nations, which

leads to the emergence of socio-environmental conflicts (Muradian et al., 2012).

From an empirical viewpoint, pioneering work by Bunker (1984) examined how core countries influenced

the  export  and  extractivist  orientation  of  Brazil.  Several  studies  followed,  always  focusing  on  specific

countries  or  groups  of  countries.  For  example,  EUE  theory  has  been  empirically  tested  for  different

environmental pressures and impacts of vertical flow of exports, such as greenhouse gas, sulphur dioxide or

particulate matter emissions (Prell and Feng, 2016; Prell and Sun, 2015; Yu et al., 2014), ecological footprint

or land use (Andersson and Lindroth, 2001; Jorgenson and Clark, 2009; Moran et al., 2013; Oppon et al.,

2018; Yu et al., 2014), water use or pollution (Moran et al., 2013; Oppon et al., 2018; Shandra et al., 2009c;

Yu et al., 2014), deforestation or biodiversity threats (Moran et al., 2013; Shandra et al., 2009b, 2009a) and

calories  in food products  (Falconí  et  al.,  2017). Most  empirical  analyses testing EUE theory have been

conducted at the nation-state scale,  which does not always properly capture inter-territorial asymmetries,

especially  in  large countries. This lack of research obscures  the  analysis,  since the existing disparity in

geographical  size  and  population  among  nations  and  the  huge  economic  and  environmental  regional

divergences  within  countries  are  not  taken  into  account  (Godar  et  al.,  2015),  which  hinders  a  better

understanding of intra-national relations.

This issue has been discussed from the viewpoint of ‘internal colonialism’ (González Casanova, 1965) within

the  world  system  and  unequal  exchange  literature.  The  concept  originated  to  make  visible  political,

economic  and  cultural  colonisation  processes  that  took  place  within  the  new-born  nation  states  after

independence,  especially  in  Latin  America.  However,  it  has  also  been  applied  in  non-Latin  American

contexts, including the United States and Europe, to understand relations of cultural domination (ethnic or

racial) and unequal exchange dynamics within nation states (Drakakis-Smith and Wyn, 1983; Hicks, 2004).

For the case of Spain, dependency scholars explored this idea in the 1970s, showing the peripheral role of
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poorer regions within the country such as Galicia (Beiras, 1973), Andalusia (Delgado Cabeza, 1981) and

Extremadura (Naredo et al., 1978). More recently, Carpintero et al. (2015) and Sastre et al. (2015) studied the

socio-economic metabolism of Spanish regions, shedding light on the intra-national differences on socio-

metabolic profiles and regional raw material extraction and use patterns. Also the global greenhouse gas

emissions driven by the Galician consumption were estimated (see Roibás et  al.  2018).  However,  these

studies have not  entered ecological-economic dialectics,  i.e.  the  EUE theoretical  framework,  which still

operates  solely at  national  level.  Against  this  background,  the  present  work aims to  take a  step in  this

direction, by providing empirical evidence of EUE for a Spanish region, Galicia, historically considered a

periphery within the country.

Consequently, this work approached EUE at two complementary levels (Figure 1): i) at sub-national level

with  a  regional  study  case,  i.e.  Galicia  within  Spain;  but  also  ii)  at  global  level,  providing  a  suitable

framework to analyse the sub-national case study. We hypothesised that Galicia, as an EU region, belongs to

the core but, on downscaling within Spanish borders or the EU, it belongs to the periphery. We argue that,

from a socio-ecological standpoint, an economy could play a twofold core-periphery role that reflects its

position in the global economic hierarchy. In this regard, world system scholars acknowledge the existence

of nuances within the dichotomy core/periphery, recognising its multi-scalar dimension and the difficulty of

making clear and precise distinctions (for further details, see Hornborg and Crumley, 2006; Chase-Dunn and

Hall, 1997). Although there is no consensus on empirical characterisation of these groups, semi-peripheries

are  usually  described  as  countries  with  an  ‘intermediate  position  in  the  core/periphery  hierarchy’ and

therefore with features of both typologies (Chase-Dunn and Hall, 1997). Again, this discussion is usually

conducted at national level, but not considering the regional intra-national diversity.

Therefore, the main goal of this work was to test the existence of EUE in a subnational case by studying

monetary and raw material trade patterns. In testing EUE theory, we also evaluated the following hypotheses:

i)  Richer territories, either countries or regions within countries, are net importers of materials and vice

versa.  That  is  to say,  the material  footprint  of  rich nations exceeds their  domestic extraction;  ii)  Richer

territories exchange their products on the global market with favourable terms of trade (USD gross trade/kg),

and iii) Richer territories export materials with lower material intensity in terms of value added (kg/USD of

value  added)  in  comparison  with  their  imports,  which  means  lower  mobilisation  of  domestic  natural

resources to generate and export  value added to the global  market.  In this study,  we defined cores and

peripheries according to these premises, i.e.  cores were considered sinks and peripheries sources of raw

materials and, in monetary terms, cores were assumed to enjoy favourable trade conditions in comparison

with non-core economies. Following previous studies (e.g. Moran et al., 2013), income per capita was the

indicator used to operationalise EUE and analyse countries and regions as cores or peripheries in a simple

way.  Finally,  it  should  be  stressed  that  being  a  net  exporter  of  materials  does  not  necessarily  exclude

occurrence of EUE in relation to other indicators, since the apparent surplus could be related to net imports
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in other natural resource flows, e.g. net exports of agricultural products might occur as a result of net imports

of energy products employed as inputs in farming activities (Dorninger and Hornborg, 2015).

We focused on the study of raw material extraction and use for the following reasons. First, trade currently

drives one-third of global extractions of raw materials and this share is increasing (Schandl et al., 2016).

Second, extractions often occur in poor countries with fragile governments, e.g. extraction of coltan (Moran

et al., 2015) or oil (Wenar, 2015).  Third, environmental damage caused by extractions is mainly local, in

contrast  to  other  threats  such  as  climate  change.  This  complicates  social  awareness  and action  in  sink

countries  due  to  lower  exposure  to  degradation  (Givens  and Jorgenson,  2011),  and  can  thus  indirectly

promote ‘not in my backyard’ attitudes. We relied on a global multi-regional input-output model with sub-

national resolution for Galicia. As far as we know, material flow accounting indicators have been calculated

at subnational level for only three countries: Spain (Carpintero et al.,  2015; Sastre et al., 2015), Austria

(Schoder et al., 2006) and Belgium (Christis et al., 2016). Among these, only the Belgian study estimates raw

material flows as we did here, i.e.  by quantifying upstream raw material extractions for producing trade

products (for further details, see section 3).

Figure 1. Material exchanges quantified in this study for a total of 188 world countries with Galicia (1) and the rest of Spain (2), and

intra-national trade flows (3).

2. Case study

Some specific socio-economic and environmental characteristics make Galicia a relevant case. Galicia is a

Spanish ‘autonomous community’1,  located in the north-west of the Iberian Peninsula, and is considered

under Spanish law to be an ‘historical nationality’, due to its cultural and language singularity in comparison

with the rest of Spain. In 2011, Galicia had around 2.7 million inhabitants (95 per km 2) and its income was

still far below the EU average (81%) and unemployment was markedly higher, 17.3% compared with an EU

average of 9.7%2. The ageing rate of the Galician population is one of the highest in Europe, due to low

1 Equivalent to the NUTS2 (Nomenclature of Territorial units for Statistics) level used by the EU and similar to the Combined 

Statistical Areas of the United States.

2 Income as a percentage of the EU average for 2011 from Eurostat’s regional economic accounts, measured as GDP at current

market prices by NUTS 2 regions, purchasing power standard (PPS) per inhabitant. Unemployment rate by sex, age and NUTS 2
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fertility and strong historical emigration and, as a consequence, depopulation of large rural areas is difficult

to reverse (Martínez-Filgueira et al., 2017). Relative to its small population and GDP (5.9 and 5.2% of the

country total,  respectively)3,  it  has  relevant  extractive industries,  especially  fish,  wood and construction

minerals. It represents half the fish biomass caught in Spanish waters, 44% of the forest biomass harvested in

Spain in 2010 (mainly eucalyptus destined for the pulp industry) and between 48-78% of granite and 32-59%

of annual slate extractions during the first decade of this century (Carpintero et al., 2015).  Further, Galicia

was also the main Spanish region in volume of coal mining until 2008, when reserves were depleted, with

350 millions of tonnes of brown lignite extracted between 1975 and 2007 (Rodríguez et al., 2018). Despite

the absence of bauxite ores in the region,  there was important  development of the aluminium sector in

Galicia during the 1970s, which is explained by two factors: i) the availability of a large coal mine and a

thermal power station, which provided a secure supply of electricity at a subsidised price under the Spanish

tariff system at the time; and ii) the extensive Galician coastline close to main commercial maritime routes to

Europe,  providing easy entry of raw materials  and exit  of  manufacturing products to European markets

(Doldán-García, 2009).  Moreover, there have been some recent attempts to develop metal mining mega-

projects with significant potential impacts on the environment, landscape and local economy, which have

faced equally important civil resistance (Doldán, 2013; Rubinos et al., 2010). Finally, Galicia has one of the

few Spanish oil refineries and petrochemical products are produced primarily to satisfy demand in the rest of

Spain, and it imports high volumes of natural gas, mainly used in combined-cycle power plants to strengthen

the capacity for exporting electricity to the Spanish market.

3. Material and methods

3.1. Framework and indicators

In this work, EUE was assessed through two dimensions; the biophysical, informing about environmental

pressure exerted on ecosystems, and the economic,  informing about exchange value, and their interaction.

Here, raw material extraction and use following principles of ‘material flow accounting’ or ‘economy-wide

material  flow analysis’ (Eurostat,  2018;  OECD, 2008)  was used as  a proxy for environmental  pressure.

Material  flow accounting is  a consistent  framework for measuring the physical  basis of  socio-economic

systems (Fischer-Kowalski et al., 2011). It accounts for biomass removals by agriculture, forestry and fishing

activities,  along  with  abiotic  extractions  of  metals,  other  minerals  and  energy  carriers  by  mining  and

quarrying. The three key physical indicators considered here were material footprint (as a proxy for pressure

driven by final  consumption),  domestic extraction (as a proxy for pressure occurring within the country

borders) and raw material trade balance (as an indication of sink or source of natural resources at global

level). 

regions from Eurostat’s regional labour market statistics.

3 Population  and  GDP from the  Spanish  Statistics  Institute.  GDP from Spanish  regional  accounts,  functional  approach  by

autonomous communities and autonomous cities. Base 2010 series. Population from the municipal register (January, 1st).
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Material  footprint,  also  called  raw  material  consumption,  is  calculated  by  adding  up  all  raw  material

extractions occurring within the domestic environment plus the upstream raw material extractions needed for

producing imports (i.e. raw material equivalents of imports using standardised terminology) and deducting

upstream raw material extractions inherent to export production (i.e. raw material equivalents of exports).

Thus material footprint equals domestic extraction plus the raw material trade balance, which is defined as

raw  material  equivalents  of  imports  minus  exports.  If  the  material  footprint  is  higher  than  domestic

extraction,  this  means that  the  economy has  a physical  deficit  and can be considered a net  exporter  of

environmental  pressure.  When  appropriate,  domestic  extraction  was  normalised  by  area  in  this  study,

because it  could be argued that  higher  extractions  in  a reduced space exert  greater  pressure  on natural

ecosystems than lower extractions in an extended space (Schaffartzik et al., 2016). In addition, domestic

extraction and material footprint were normalised by population, because previous research has shown that

population density is an important variable explaining biophysical asymmetries between countries, especially

for wealthier countries (e.g. Bruckner et al., 2012; Krausmann et al., 2008; Wiedmann et al., 2015). 

There  are  two  accounting  principles  for  computing  and  allocating  raw  material  embodiments  in  trade

products,  depending  on  whether  intermediate  trade  products  are  handled  exogenously  or  endogenously

(Cadarso et al., 2018; Kanemoto et al., 2012; Peters, 2008; Su and Ang, 2011). Endogenous accounting of

intermediate trade products means that raw material embodiments of intermediates are always allocated from

place of extraction to final consumers, irrespective of existing intermediary steps in the supply chain. In

contrast,  in  exogenous  accounting,  material  requirements  are  always  assigned  to  direct  trade  partners,

irrespective of where final consumption occurs. The former is more appropriate to assess unequal material

exchange at final consumer level, while the latter is better suited to most common notions of trade balance

and, more specifically, to the concept of terms of trade frequently used in the EUE literature. Since the

approaches have different policy interpretations, both were used in this analysis 4.  Material footprint was

estimated  considering  intermediate  trade  endogenously,  as  done  previously  (e.g.  Giljum  et  al.,  2015;

Wiedmann et al., 2015), whereas raw material trade balances were estimated by considering intermediate

trade  exogenously  (see  Cadarso  et  al.  (2018)  for  further  explanations).  However, we  also  tested  our

hypotheses considering intermediate trade endogenously for estimating trade balances.

We used two indicators for exchange value; prices per product as a proxy for terms of trade (ToT), as done in

most  previous studies (e.g.  Infante-Amate and Krausmann,  2019;  Moran et  al.,  2013;  Samaniego et  al.,

2017), and gross value added embodied in international trade (e.g. Yu et al., 2014). The fraction of value

added exported, i.e. value added domestically produced but absorbed elsewhere, is a key driver of economic

growth. However, EUE suggests that a peripheral economy exports a high volume of raw materials with low

value  added,  and  thus  lower  prices,  while  high-value  products  associated  to  those  physical  flows  are

produced elsewhere. Following this reasoning, ToT (USD/kg) and material intensity (kg/USD value added)

4 There is a third approach in which intermediate trade is also exogenous, but the foreign share of extractions is included (e.g.

Seppälä et al., 2011; Weinzettel and Kovanda, 2009). This third approach, while relevant from a single country viewpoint, causes

double counting of material trade flows when multiple regions are analysed and was not considered in this work. 
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would  be  more  advantageous for  core  economies.  Balances  were  estimated as  inflows  minus outflows,

because physical and monetary flows have opposite directions: upstream raw materials in exports (virtually)

leave the country to the importer nation, while money enters the economy when products are dispatched.

Consequently, correspondence between physical and financial flows implies a change in sign. Lastly, value

added was used mainly for estimating trade balances and material intensities and, accordingly, intermediate

trade was modelled exogenously. 

3.2. Data

Estimation  of  domestic  extraction  from agricultural  and  mining  statistics  is  straightforward,  while  raw

material embodied in trade products requires complex modelling (Eisenmenger et al., 2016; Lutter et al.,

2016; Schoer et al.,  2013). In this study, an environmentally extended global multi-regional input-output

(MRIO) model was employed, as is common practice (e.g. Arto et al., 2012; Tukker et al., 2014). In building

the model, we followed the approach proposed by Christis et al. (2016) for Flanders and the rest of Belgium

and developed a MRIO model with sub-national resolution for Galicia and the rest of Spain. It is worth

noting that this model is not a fully sub-national MRIO (e.g. Bachmann et al., 2015; Cazcarro et al., 2013)

and flows between regions within Spain cannot be individually assessed. MRIO databases with different

sectoral, temporal and geographical resolution are available (Tukker et al., 2018; Tukker and Dietzenbacher,

2013). The Eora database (Lenzen et al., 2013, 2012) was used here because of its high country and sector

resolution and because, at the time the calculations were performed, it included data for 2011, which was the

chosen  reference  year.  Sub-national  input-output  data  were  obtained  from  the  official  statistics  office

(Galician Statistics Institute) and complemented with trade data from the Spanish Ministry of Commerce.

Global  raw material  extraction data were taken from the UN Environment International  Resource Panel

Global Material Flows database (Schandl et al., 2016), while extraction data for Galicia and the rest of Spain

were  taken  from  national  and  regional  statistics.  In  short,  model  development  involved:  i)  designing

correspondence classifications between Eora data for Spain and input-output data for Galicia; ii) conversion

to common currency; and iii) subtraction of Galician data from Spanish data in Eora. In a very few cases,

Galician data were higher than those for Spain in Eora and the resulting values for the rest of Spain were set

to zero. Nevertheless, we tested the impact of this assumption by running a version of our model without

suppressing any quantity. Eora includes 188 world countries and, after splitting Spain into two, our model

considered 189 entities, which were classified by income following the World Bank classification 5. Further

method  and  data  explanations,  along  with  some  results  of  tests  performed,  are  offered  in  Supporting

Information (SI) to this paper.

4. Results

4.1. Material footprint of rich countries exceeds domestic extraction

5 Defined as GNI per capita in 2017: Low-income economies are those with 995 USD or less, lower middle-income economies

have between 996 USD and 3,895 USD, upper middle-income economies have between 3,896 USD and 12,055 USD and high-

income economies have 12,056 USD or more.

188

189

190

191

192

193

194

195

196

197

198

199

200

201

202

203

204

205

206

207

208

209

210

211

212

213

214

215

216

217

218

219

220



Figure 2 displays domestic extraction and material footprint in tonnes per capita for the world, the OECD,

the EU, four income groups (high income (HI), upper-middle income (UMI), lower-middle income (LMI)

and low income (LI)), Spain, the rest of Spain and Galicia by material type in 2011. As can be seen, the

material footprint of HI economies, including OECD countries and the EU, is higher than that of UMI, LMI

and LI economies. Specifically, in 2011 the material footprint of HI countries was 1.7, 5.8 and 15.2 times

higher than that of UMI, LMI and LI economies, respectively. The material footprint of the OECD was 1.5

times its domestic extraction, while for the EU this value rose to 1.9. Similar material dependence from

abroad was identified for Spain, the rest of Spain and Galicia, although for the latter to a lesser degree. The

Spanish footprint  was 2.8 times its  domestic  extraction,  whereas for Galicia this  amount halved to 1.4,

showing a material footprint closer to the UMI group. Furthermore, Galician biomass footprint was lower

than domestic extraction and equivalent for non-metallic materials, while in the Spanish case the material

footprint was clearly higher than domestic extraction in all cases. Lower biomass footprint in comparison

with domestic extraction, and to some extent with non-metallic minerals, is only apparent for LMI and LI

economies. Figure 2 shows that richer economies, including our study case, are net importers of materials,

but it  does not provide information about where environmental pressure takes place. This information is

presented in Tables 1 and 2.

Figure 2. (Left) Domestic extraction and (right) material footprint for the world, the OECD, the European Union, four income 

groups, Spain, the rest of Spain and Galicia for the year 2011 by material category (biomass, metals, non-metallic minerals and fossil 

fuels).

Table 1 and 2 depict domestic extractions and material footprint and shows the origin and destination of raw

materials  for  each  income  group.  In  the  reference  year  (2011),  47%  of  the  19,834  Mt  of  material

consumption  in  HI  economies came  from  other  groups,  and  of  this  32%  was  extracted  from  UMI

environments (i.e. 3,001 Mt), 13% from LMI (i.e. 749 Mt) and 2% from LI (i.e. 54 Mt). This outsourced

share of HI economies was notably larger than for other groups, which obtained 14-24% of their material

footprint from outside their category. In absolute terms, UMI countries were the main material providers to
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HI economies in 2011, but in per capita terms consumers from HI countries as a group required overall

twelve times more materials from LMI economies than the reverse flow, and around seven times more from

the other two categories (Table 2). Thus from an individual consumer viewpoint, exchanges between HI and

LMI countries were notably more unbalanced. For domestic extraction per km2, more pronounced pressures

from HI economies, thirty four times higher than the opposite flow, occurred in LI environments (Table 1). In

brief, there were patent material imbalances between HI economies but, depending on the normalisation, the

most affected corresponding income group varied, i.e. it was UMI in absolute terms, LMI in per capita terms

and LI in per km2 terms.

Table 1. Domestic extraction by destination of materials in 2011.

Domestic Extraction

Destination

High income 
(HI)

Upper middle 
income (UMI)

Lower middle 
income (LMI)

Low income (LI)

(Mt) (t/km2) (Mt) (t/km2) (Mt) (t/km2) (Mt) (t/km2)

HI 16,029 403.24 9,639 169.29 3,959 177.91 716 46.91 

UMI 3,001 75.49 30,930 543.24 1,718 77.20 304 19.93 

LMI 749 18.85 1,403 24.64 9,554 429.94 134 8.77 

LI 54 1.37 108 1.89 87 3.92 793 51.93

Total 19,834 498.95 42,080 739.06 15,318 688.32 1,947 127.54

Area: high income = 39,751,387 km2, upper middle income = 56,935,855 km2, lower middle income = 22,254,268
km2, low income = 15,264,610 km2. Mt = million tonnes. 

Table 2. Material footprint by origin of materials in 2011.

Material Footprint

Origin

High income 
(HI)

Upper middle 
income (UMI)

Lower middle 
income (LMI)

Low income (LI)

(Mt) (t/cap) (Mt) (t/cap) (Mt) (t/cap) (Mt) (t/cap)

HI 16,029 13.35 3,001 1.22 749 0.28 54 0.09 

UMI 9,639 8.03 30,930 12.59 1,403 0.52 108 0.17 

LMI 3,959 3.30 1,718 0.70 9,554 3.51 87 0.14 

LI 716 0.60 304 0.12 134 0.05 793 1.27

Total 30,344 25.27 36,053 14.63 11,840 4.35 1,042 1.66

Population: high income = 1,200,665,343 inhabitants,  upper middle income = 2,457,488,305 inhabitants,  lower
middle income = 2,722,562,002 inhabitants, low income = 626,201,940 inhabitants. Mt = million tonnes, t/cap =
tonnes per capita. 

Table 3 and 4 show domestic extraction by destination of materials and material footprint by their origin for

Galicia and the rest of Spain in 2011. Extractions in Galicia for producing exports to the rest of Spain were

almost  three  times  higher  than  imports  and  represented  22% of  the  total  (i.e.  6.31  Mt),  which  is  not

surprising  considering  the  population  and  economic  activity  scale  differences.  However,  both  systems

extracted a similar share to be exported to the rest of the EU. In terms of domestic extraction per unit area,

the value was slightly higher for Galicia (973 t/km2) than for the rest  of  Spain (819 t/km2).  Results for

material footprint were more interesting. The rest of Spain appeared to be a more open and more dependent

economy, with 83% of its material consumption coming from Galicia or other countries (i.e. 904.82 Mt). The

corresponding figure for Galicia decreased to 70% (i.e. 27.65 Mt), pointing to more modest integration in

246

247

248

249

250

251

252

253

254

255

256

257

258

259

260

261

262

263

264



global value chains, although still far from the degree of closeness mentioned earlier for non-HI economies.

Further, material dependence from intra-national extractions of the average Galician consumer was higher,

800 kg/person in contrast with 140 kg/person for the rest of Spain. This indicates that, in per capita terms,

Galician consumption exerts higher pressure on the environment of the rest of Spain than the other way

around.  However,  these  figures  need  to  be  evaluated  relative  to  the  corresponding  monetary  flows  by

product, which is done in the next sections.

Table 3. Domestic extraction by destination of materials for Galicia and the rest of Spain in 
2011.

Destination

Domestic Extraction

Galicia Rest of Spain

(Mt) (t/km2) % (Mt) (t/km2) %

Domestic final demand 11.95 404.02 42 180.74 379.68 46

Intra-national final demand 6.31 213.52 22 2.23 4.69  1

Rest of European Union 5.17 174.73 18 73.33 154.05 19

Rest of high income 2.96 100.09 10 62.50 131.29 16

Upper middle income 1.67 56.36 6 47.48 99.73 12

Middle lower income 0.69 23.35 2 21.96 46.13  6

Low income 0.04 1.28 0 1.67 3.51  0

Total 28.79 973.35 100 389.90 819.08 100

Area: Galicia = 29,575 km2, rest of Spain = 476,025 km2. Mt = million tonnes.

Table 4. Material footprint by origin of materials for Galicia and the rest of Spain in 2011.

Origin

Material Footprint

Galicia Rest of Spain

(Mt) (t/cap) % (Mt) (t/cap) %

Domestic environment 11.95 4.27 30 180.74 4.07 17

Intra-national environment 2.23 0.80 6 6.31 0.14 1

Rest of European Union 2.81 1.01 7 105.92 2.39 10

Rest of High income 4.82 1.72 12 162.82 3.67 15

Upper middle income 10.14 3.63 26 398.74 8.98 37

Middle lower income 6.65 2.38 17 196.79 4.43 18

Low income 1.01 0.36 3 34.25 0.77 3

Total 39.60 14.17 100 1,085.56 24.45 100

Population: Galicia = 2,795,422 inhabitants, rest of Spain = 44,395,071 inhabitants. Mt = million tonnes.

3.2.  Richer  territories  are net  importers  of raw materials  and  trade their  products  under  more

advantageous conditions

While doubts about material dependencies between HI economies and the rest of the world are resolved, an

assessment of monetary flows must be performed. Table 5 lists trade in raw materials, gross trade and trade

in value added by income group for 2011. Trade in raw materials was ~33 Gigatonnes, which represented

42% of global material extraction and accounted for ~21 billion USD in the global economy. Of that figure,

around 60% was value added. HI economies exported 34% of all raw materials in trade but 70% of all value
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added,  while  their  population  was  17% of  the  world  total  in  2011.  The  other  economies  exported  the

remaining 66% of raw materials, but only 30% of traded value added. The gap between terms of trade for

imports and exports expanded markedly when descending the income level. For UMI economies, there was

some agreement between material and payments, i.e. the sign reversed, but this did not happen for the two

lower income groups. Regarding value added, most of that in 2011 was absorbed by HI economies (75%)

and UMI countries (20%), and differences in material intensities between income groups were manifest.

Material intensity of exports of HI economies was half that of imports and, to generate one USD of value

added, they required 1.22 kg of raw materials, in comparison with 7.71 kg of LMI economies or an extreme

value of 30.45 kg for LI economies. LI economies are net exporters of materials, but net importers in value

added and gross terms.

Table 5. Total trade in raw materials, gross trade, terms of trade (ToT), trade in value added and material intensity by income 
group in 2011.

Income 
Group

Trade in raw materials 
(109 kg)

Gross trade
(109 USD)

ToT 
(USD/kg)

Trade in value added
(109 USD va)

Intensity
(kg/USD va)

M (a) X (b)
Balance 
(a-b)

M (c) X (d)
Balance
(d-c)

M (c/a) X (d/b) M (e) X (f)
Balance 
(f-d)

M 
(a/e)

X (b/f)

HI 23,398 11,463 11,935 16,281 15,710 -572 0.70 1.37 10,021 9,429 -591 2.33 1.22
UMI 7,222 14,480 -7,257 4,235 4,299 64 0.59 0.30 2,654 3,171 517 2.72 4.57

LMI 2,460 6,258 -3,797 1,194 1,076 -119 0.49 0.17 715 811 96 3.44 7.71
LI 246 1,126 -880 93 50 -44 0.38 0.04 60 37 -23 4.09 30.45
Total 33,326 33,326 0 21,804 21,134 -670 0.65 0.63 13,449 13,449 0 2.48 2.48

M = imports, X = exports. USD va = US dollars of value added. Differences at aggregated levels for gross trade due to statistical discrepancies.

Figure 3 shows total trade (sum of imports and exports for each country) in raw materials and value added

for the highest raw material traders (and Galicia) in 2011. The size of dots indicates the magnitude of the

trade  balance  in  absolute  values,  i.e.  without  considering  its sign,  while  the  y-axis  displays  population

density. A completely balanced economy would be on the blue line, whereas a net exporter(importer) would

be in the left(right) side of the graph. In Figure 3A, material dependencies between HI economies and the

rest of the world are clearly visible, but degree of imbalance varies significantly depending on the economy.

For instance, Japan has a much more pronounced unbalance situation than USA, while Germany is in the

middle of the two (Figure 3A). Similar imbalances, although less intense, can be seen to the left of the blue

line, e.g. when comparing India and Russia. In addition, in the case of HI countries, a certain correspondence

between population  density  and physical  deficits  can  be  seen,  with  highly  populated  HI  countries  (i.e.

population density above 250 inhabitants/sq.km) generally showing a more accentuated imbalance (i.e. ratio

above 0.5), although there are some exceptions (e.g. Slovakia, Latvia and the rest of Spain). Galicia, with a

similar population density (95 inhabitants per km2) to the rest of Spain (93 inhabitants per km2) has a notably

less marked imbalance (ratio equal to 0.37). A few UMI economies appear on the right-hand side in Figure

3A, although only Romania’s raw material imports are twice exports. Lastly, only LMI economies have high

population  density  and  an  intense  negative  trade  balance  (e.g.  Vietnam,  Pakistan,  Nigeria),  while  HI

economies in the left side are mainly mineral or oil exporters. In Figure 3B, the pattern observed for raw

materials  vanishes  and  in  general,  there  is  a  much more  unclear  distribution  in  terms  of  value  added.
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Moreover, in some cases certain countries remain in the same part of the graph, i.e. the sign of their balance

remains the same, which indicates that these nations have a position in global value chains as value added

exporters but natural resources sinks. This is the case for e.g. Germany, France, Italy and Japan. It is not the

case for Galicia (ratio -0.12) or the rest of Spain, although for the latter the unbalance situation is remarkably

attenuated (Figure 3B).

Figure 3. Total trade balance in A) raw materials (RM) and B) value added (VA) in 2011 (countries below 110 million tonnes trade 

flow, with the exception of Galicia, and with population density above 600 inhabitants per km2 are not shown).

3.3. Galicia as core and periphery

To understand more thoroughly our study case, Table 6 reproduces Table 5, but focusing on Galicia. The

region emerges as a net importer of raw materials from middle and low income economies, but at the same

time a  net  supplier  of  natural  resources  to  HI  countries.  Further,  while  there  is  certain correspondence

between physical and gross trade flows, terms of trade are more advantageous for Galicia when the income

of the trade partner is lower, since prices per tonne of Galician imports from UMI, LMI and LI countries are,

respectively, 6.8, 8.3 and 78.9 times lower than the prices of exports. Moreover, Galicia is a net importer of
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value added from all income groups considered and thus, in relation to HI countries, also acts as a sink of

value added and source of natural resources. Accordingly, material intensity of exports to HI is 52% higher

than that of imports, i.e. overall generating and exporting value added from Galicia requires 1.5 times more

material extractions than the opposite flow (Table 6). In contrast, material intensity of imports to Galicia

from LMI and LI economies are significantly higher than aggregated values of exports for those groups in

Table 5, i.e. they are above the global average. Finally, aggregated material intensity of Galician exports is

notably  below that  for  middle  and low income economies,  and  12% less  than  the  aggregated  material

intensity for HI economies shown in Table 5. This indicates that  in general  terms, the region’s material

intensity is low in comparison with that of other rich economies.

Table 6. Trade in raw materials, gross trade, terms of trade (ToT), trade in value added and material intensity by income 
group for Galicia in 2011.

Income 
Group

Trade in raw materials 
(106 kg)

Gross trade
(106 USD)

ToT 
(USD/kg)

Trade in value added
(106 USD va)

Intensity
(kg/USD va)

M (a) X (b)
Balance 
(a-b)

M (c) X (d)
Balance 
(d-c)

M 
(c/a)

X (d/b) M (e) X (f)
Balance 
(f-d)

M (a/
e)

X (b/f)

HI 10,572 15,366 -4,794 24,803 27,674 2,872 2.35 1.80 15,218 14,513 -705 0.69 1.06
UMI 11,865 851 11,014 3,241 1,574 -1,667 0.27 1.85 2,664 761 -1,903 4.45 1.12

LMI 9,491 597 8,894 870 452 -418 0.09 0.76 697 252 -445 13.62 2.37
LI 4,544 10 4,534 132 24 -108 0.03 2.30 83 16 -67 54.59 0.64
Total 36,473 16,825 19,648 29,724 29,045 679 0,80 1,77 18,663 15,543 -3,120 1.95 1.08

M = imports, X= exports. USD va = US dollars of value added.

Figure 4 presents trade in raw materials and value added for Galicia’s 25 most important raw material trade

partners in 2011, with the y-axis showing trade balances in absolute values, i.e. without considering trade

sign,  to make the diagram more compact.  First,  it  can be seen that  Galicia is  a heavily unbalanced net

importer of raw materials from middle and low income economies (e.g. Egypt, Guinea, Mexico), but also

from some HI economies (e.g. USA, Saudi Arabia). In general, there is some correspondence between raw

material and value added flows, although less so for Algeria, Saudi Arabia and India. In contrast,  more

thriving EU economies (e.g. Germany, UK, France) act as sinks of materials from the Galician environment,

while the region’s imports of value added from those regions exceed exports. This is also the case for the rest

of Spain. The exchange between Galicia and the rest of Spain is further explored in Table 7, where trade in

raw materials, value added and gross trade are disaggregated by industry. In terms of value added, Galicia is

a net importer from the rest of Spain, mainly due to imports of business activities (17% of value added

imported in  2011),  metal  industry (14%) and basic  chemistry (4%).  Main sectors making Galicia  a  net

exporter of raw materials are mining (25% of raw material exports), forestry (18%), wood and paper (8%)

and cement production (11%). Together, these accounted for 63% of the raw material extractions for exports

in 2011, while their contribution to value added exports was 9%. Food industry and agriculture are also

relevant sectors, being responsible, respectively, for 13% and 10% of raw material exports, and 20% and 6%

of value added exported in 2011. However, important subnational flows of food and agricultural products

enter the Galician economy and offset the outflows. Overall, material intensity of value added in 2011 was

more than double for Galicia than for the rest of Spain (Table 7), i.e. exporting value added to the rest of

Spain requires  twice as  much raw material  extraction and processing as  the  opposite  flow.  However,  it
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remained below 1 kg per USD of value added traded in 2011 and was therefore still  far from the more

pronounced intensities shown for middle and low income economies in Table 5.

Figure 4. Trade balance in A) raw materials (RM) and B) value added (VA) for Galicia and its 25 most important raw material trade 
partners in 2011. Trade balances are in absolute values on the y-axis. 

Table 7. Trade in raw materials, trade in value added, gross trade, terms of trade (ToT), trade in value added and material intensity 
between Galicia and the rest of Spain in 2011.

Product Group

Trade in raw materials 
(106 kg)

Gross trade
(106 USD)

ToT
(USD /kg)

Trade in value added 
(106 USD va)

Intensity
(kg/ USD va)

M
 (a)

X 
(b)

M-X.
(a-b)

M 
(f)

X
(e)

X-M
(e-f)

M
(f/a)

X
(e/b)

M
(d)

X
(c)

X-M
(c-d)

M
(a/d)

X
(b/c)

Agriculture 706 829 -124 458 655 197 0.65 0.79 360 468 109 1.96 1.77

Forestry 3 1,460 -1,457 2 146 144 0.58 0.10 2 130 128 1.82 11.28

Fishing 6 78 -72 33 160 127 5.15 2.04 26 158 132 0.25 0.50

Mining 284 1,997 -1,713 18 44 26 0.06 0.02 14 32 19 20.85 61.82

Food 1,011 1,072 -61 2,491 3,427 936 2.46 3.20 1,678 1,678 0 0.60 0.64

Textile & clothes 40 19 21 696 654 -42 17.38 34.71 405 295 -110 0.10 0.06

Wood & paper 59 648 -589 478 658 180 8.06 1.02 279 423 144 0.21 1.53

Basic chemistry 221 39 182 1,803 1,449 -354 8.15 36.69 763 348 -416 0.29 0.11

Cement 447 920 -473 436 208 -229 0.98 0.23 326 131 -195 1.37 7.01

Metal 589 339 250 1,964 1,397 -567 3.33 4.12 1,273 698 -576 0.46 0.49

Machinery 31 28 3 386 341 -44 12.38 11.99 252 201 -51 0.12 0.14

Equipment 16 27 -11 193 235 41 12.21 8.78 114 126 12 0.14 0.21

Motor vehicles 18 27 -9 316 1,027 711 17.90 38.48 122 336 214 0.14 0.08

Vessels 1 31 -30 27 354 328 34.66 11.46 14 229 215 0.05 0.13

Other transport 2 2 0 83 34 -49 33.86 15.78 45 17 -29 0.05 0.13

Other manuf. 20 43 -23 324 200 -124 15.91 4.61 210 135 -75 0.10 0.32

Electricity 0 140 -140 0 1,295 1,295 0.00 9.25 0 792 792 0.00 0.18

Sales & Accomm. 21 135 -114 366 577 211 17.65 4.27 305 506 201 0.07 0.27

Transport services 37 40 -3 1,299 1,126 -173 35.22 28.29 969 745 -224 0.04 0.05

Business act. 88 131 -43 1,921 772 -1,149 21.77 5.88 1,575 697 -879 0.06 0.19

Other services 40 20 20 392 260 -132 9.90 13.05 309 193 -116 0.13 0.10

Total 3,640 8,028 -4,388 13,686 15,017 1,332 3.76 1.87 9,042 8,339 -703 0.40 0.89

M = imports, X = exports. USD va = US dollars of value added.
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4. Discussion

4.1. Global division of extractive activities

The geospatial  separation between production and consumption centres has increased in recent  decades,

causing displacement of social  and environmental impacts (Wiedmann and Lenzen, 2018). According to

EUE theory, the metabolic profile of HI economies depends on importing natural resources from abroad,

which are transferred from peripheries to cores via international trade. There is ample evidence that rich

countries are usually net material importers, measured only as mass of trade products flow (e.g. Dittrich and

Bringezu, 2010; Gonzalez-Martinez and Schandl, 2008; Pérez-Rincón, 2006; Russi et al., 2008; Weisz et al.,

2006) or including the upstream raw material requirements (e.g. Giljum et al., 2015; Muñoz et al., 2009;

Wiebe et  al.,  2012;  Wiedmann et  al.,  2015).  Nevertheless,  Moran et  al.  (2013) recently challenged this

evidence. Based on MRIO data, they concluded that, in absolute terms, HI economies are net exporters of

resources, and not importers, and attributed this to higher technological efficiency. However, Dorninger and

Hornborg (2015) revisited this issue using a more up-to-date version of the same MRIO database and found

the opposite, i.e. that HI countries are significantly more dependent on non-HI countries than the other way

around, to the extent that they are net importers of materials. The results of the present analysis, again using

the same MRIO database, but an updated version for a different year, support the latter findings. We found

that  in  the  study  year  (2011),  raw  material  trade  mobilised  42%  of  domestic  extractions  and  that  HI

economies were responsible for 70% of total imports, while all other economies were responsible for the

remaining 30%. Therefore, only HI economies have a positive balance.

Furthermore, the discussion of EUE needs to go beyond the classical North-South division, offering more

detailed assessments identifying social, political and power determinants between trade partners (Jorgenson

et al., 2009). For instance, recent studies show that population density is an important explanatory variable,

especially in the case of HI countries (Bruckner et al., 2012; Krausmann et al., 2008; Wiedmann et al., 2015).

Our analysis confirmed that population density plays a relevant role: within the HI group, highly populated

countries  are  more  material-dependent  (e.g.  Japan and most  EU countries)  than  less  densely  populated

countries (e.g.  USA, Canada).  On the other hand,  there are some HI economies which are net  material

exporters  and  are  sparsely  populated,  with  very  heterogeneous  profiles  but  in  all  cases  endowed  with

valuable natural resources, including: oil countries (e.g. Kuwait, Oman, Saudi Arabia), mining exporters (e.g.

Chile,  Australia)  and  small  European  countries  (e.g.  Sweden,  Norway).  Other  studies  use  regional  or

historical relations among nations to explain EUE. For example, Samaniego et al. (2017) demonstrate that

despite prices (USD/kg) increasing during the 2000s with the commodities boom, South American countries

had monetary deficits, which they tried to compensate for by increasing their physical exports, fuelling social

conflicts  and environmental  deterioration.  For the specific case of Colombia,  an abrupt  fall  in prices of

exports in the 1980s separated import and export flows, which were at similar levels one decade earlier

(Pérez-Rincón,  2006).  Further, Infante-Amate  and  Krausmann  (2019)  show that  France  benefited  from

advantageous terms of trade with its former colonies during the colonial and post-colonial period, until new
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power cores emerged. Generally, prices in kg/USD for exports have been falling for all income levels since

1990, although large differences remain between higher and lower income groups (Moran et al., 2013). In

value added terms, Yu et al. (2014) show that some countries in South-East Asia, South Asia and Africa

export large amounts of products with high embodied environmental impacts, but at the same time capture

small quantities of value. Our findings align with this previous research by pointing out that: i) the trade

balance of HI economies is favourable because it is the only group selling more expensive products than it

buys; and ii) value added is unequally distributed among groups, being exported to a large extent by HI

countries (70%, with 17% of world population) and UMI countries (24%, with 35% of world population). 

4.2. Intra-national Ecologically Unequal Exchange

Most world system and EUE studies focus on the nation state,  and thus knowledge about  intra-national

relations is limited. This knowledge gap leads to interpretative shortcomings, since countries are categorised

as  core,  periphery  or  semi-periphery,  but  without  considering  internal  divergences.  Using  the notion of

internal colonialism, although not always explicitly, the theory of dependence highlights the role of regions

or poorer population groups within core countries. Accordingly, some authors have identified features which

could be considered peripheral or semi-peripheral in the global north. For example, Hechter (1975) reflected

on the cultural grievances or status of the Irish, Scottish and Welsh populations in comparison with the

English, although in that case freedom and civil rights were found not to be affected, as was, for instance, the

situation of indigenous people in Latin America. This reveals the complexity of the concept when applied to

heterogeneous historical-structural realities.  In the Spanish context,  studies in the 1970s pointed out that

some regions were playing a peripheral role within the country, after specialising in extractive/low-value

activities for supplying rich cores (Beiras, 1973; Naredo, 1978; Delgado Cabeza, 1981), but also from a

cultural/ethnolinguistic perspective. More recently, Carpintero et al. (2015) and Sastre et al. (2015) used a

socio-metabolic approach to study the direct material use of Spanish regions and revealed the location of

biomass and mineral sources, including Galicia, which supply processing centres within the country. Similar

imbalances between regions have been reported for Austria and for the Alpine regions of France, Germany,

Italy,  Liechtenstein,  Switzerland  and  Slovenia,  and  their  connection  to  the  different  regional  economic

activities (Schoder et al., 2006).

Our  results  show that  Galicia  plays  a  twofold  role,  as  a  core  and  a  periphery.  Therefore,  it  might  be

considered a semi-periphery in a world system, as a result of being spatially located within a rich nation and

playing the role of intermediary between core and margin world regions. Net imports of raw materials from

lower  income  economies  are  mainly  in  the  form  of  intermediate  products,  which  feed  the  metal

manufacturing (aluminium) and power sectors. There are no bauxite deposits in Galicia and thus it must all

be imported from abroad, mainly from Guinea. Nowadays, depletion of coal deposits and price increases in

the tariff system have plunged the aluminium sector into a deep crisis, with falling activity and offshoring,

which reveals the peripheral character of the region. In addition, the end of coal mining explains Galicia’s

increasing  imports  of  coal  (from Indonesia,  USA and Russia),  but  a  significant  share  of  the  electricity
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generated, along with regional primary energy from other sources, goes to sustain consumption in the rest of

Spain. The only exception is the relationship between the electricity and aluminium sectors. 

Two other  important  imported products  are  oil,  mainly  from Mexico  and Egypt,  and natural  gas,  from

Nigeria. Thus, Galicia is a gateway for natural resources and energy carriers used for supporting Spanish and

EU  consumption,  which  explains  its  high  material  imports,  but  also  its  comparatively  lower  material

footprint.  When  this  core  feature  is  isolated,  it  can  be  seen  that  Galicia  also  has  some  peripheral

characteristics, such as lower value added in trade and high share of exports of primary activities, such as

mining or forestry.

Beyond the particularities of Galicia, our study demonstrates the limitations of analyses on the nation-state

scale. Most studies about material flows adopt either of the two extreme scales: national (or world regions)

or local. Initial developments in material flow accounting (Adriaanse et al., 1997; Matthews et al., 2000)

focused on the national scale, showing material consumption and trade data for a small group of Western

economies. Nowadays, estimates are available for most countries (e.g., Schandl et al., 2016), and there are

even long-term series (e.g. Krausmann et al., 2009). At local level, since the pioneering work of Wolman

(1965) on the metabolism of cities, dozens of studies about consumption and material exchange at that scale

have been performed (e.g. Kennedy et al., 2007; Metabolism of Cities, 2019). However, knowledge at a

territorial meso-scale is still modest and empirical studies are scarce (Carpintero et al., 2015; Christis et al.,

2016; Sastre et al., 2015; Schoder et al., 2006), possibly partly because of data limitations. This situation will

likely  improve  with  innovative  methodological  developments  such  as  virtual  laboratories  (Geschke  and

Hadjikakou, 2017; Lenzen et al.,  2014), spatially explicit input-output approaches (Sun et al., 2018) and

similar  initiatives.  Finally,  there  is  a  need  for  better  dialogue  between  culturalist  and/or  decolonialist

perspectives, which analyse the consequences of colonial structures within nations and their territories and

populations, with those focusing on the political economy (Grosfoguel, 2011) and the EUE.

5. Data and methodological limitations

There are several  limitations associated with MRIO modelling,  such as homogeneity in prices  (Lenzen,

2000; Wiedmann, 2009) and geographical and sectoral aggregation errors (de Koning et al., 2015; Piñero et

al., 2015; Su and Ang, 2011). Three specific uncertainty sources were explored in this work. First, we tested

our hypothesis with trade balances calculated by comparing countries of origin for extractions with end-

consumer  countries  (see  Figure  S2  and  S3  in  SI),  i.e.  using  exclusively  the  MRIO approach  for  their

estimation and treating intermediate trade product endogenously (e.g. comparing country of extraction A

with country of consumption C, irrespective of whether there is an intermediary country B). No significant

variations were noted at country level (Figure S2), perhaps with the exception of very open economies (e.g.

the Netherlands). As expected, more pronounced variations were observed for Galicia (Figure S3), e.g. due

to a port effect, raw material deficits dropped in the MRIO approach. Second, we tested the impact of setting

to zero those uses coming from sub-national sources which exceeded original Eora values. We did this by

running a  version  of  our  model  without  suppressing  any quantity  and found no  perceptible  deviations,
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suggesting that, at the level of analysis of the study, this assumption had no significant impact on the results.

Third,  regarding  material  flows  modelled  with  MRIO,  recent  research  shows  that  a  few sectors  at  the

beginning of the supply chain, i.e., primary sectors and basic processing, explain most of the differences

between existing databases (Giljum et al., 2019). We found that our model did not estimate certain upstream

material  flows  accurately,  in  particular  coal  coming  from  Indonesia.  Figure  S4  in  SI  reproduces  the

information in Figure 4,  but  employing direct  flows,  i.e.  accounting only for mass of products crossing

borders. As can be seen, direct flows from Indonesia are high, while according to our model total upstream

flows are inconsistently lower. This shows that results for country pairs are more uncertain and need to be

interpreted with caution. Combining MRIO with other tools, such as life cycle assessment, could be explored

to overcome this limitation when estimating raw material  requirements  of trade products (Piñero et  al.,

2018).

6. Conclusions and future work

Ecologically Unequal Exchange (EUE) theory states that high-income countries and regions sustain their

consumption  and  production  because  they  are  net  importers  of  natural  resources  and  outsource

environmental pressures and impacts, while at the same time selling their resources at higher prices on the

global market. We approached EUE on the basis of material flow accounting for a wide range of countries

and in greater detail for Galicia, a Spanish region, in comparison with the rest of Spain. In particular, we

compared domestic extraction, material footprint, raw material trade balances (i.e. upstream raw material

supply for  producing imports  minus exports),  terms of  trade measured as  price  paid per  kg traded and

material intensity of value added flows (i.e. kg of upstream raw materials per USD of value added traded). At

global level, our results align with an extensive body of previous research suggesting that in general, there

are asymmetrical biophysical relationships between higher and lower income economies. This arises as a

result of dissimilar terms of trade and the poorer the trade partner, the greater the asymmetry. A completely

different picture emerges when tracing value added flows, since a high extractive exporting profile may not

be accompanied by an equally important GDP increase due to exports. For some economies (e.g. Germany,

France, Italy or Japan), the exact opposite is true, i.e. they are net importers of raw materials but exporters of

value added. Therefore, in the global division of extractive activities, certain countries specialise in resource

provision, others in high value-adding activities. 

Following the notions of ‘internal colonialism’ and ‘world system’ theory, we tested the EUE hypothesis at

sub-national scale for the case of Galicia. We found that Galicia, a high income region, is a net importer of

foreign resources. This situation is exacerbated for less industrialised trade partners and in this sense Galicia

presents  a  core  profile.  However,  comparing  material  and  monetary  flows  between Galicia,  the  rest  of

European Union and other high-income economies revealed that the region is a supplier of materials and,

depending on the trade partner, a sink of value added, which are peripheral features under EUE principles.

Thus, our results confirm that the dual core-periphery profile is not a dichotomy and that a region can play a

twofold  role  depending  on  the  exchange  partner.  However,  for  Galicia  the  non-core  profile  was  less
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accentuated when compared with other lower income economies, which suggests a smaller inequality or a

semi-peripheral role more like an upper-middle income economy. In conclusion, our findings confirm there

is a global division of extractive activities.  High income economies are positioned at the core,  but  sub-

national differences in population density, natural resources endowment and division of labour bring new

nuances, making EUE more complex to assess.

There were some limitations in  the present  analysis that  need to  be addressed in  future  research.  First,

adopting a dynamic approach could reveal the presence or extent of certain global convergences or show

whether imbalances are increasing or stagnating. Second, we focused solely on raw material extraction and

our  results  only  show  unequal  material  exchange,  so  for  a  more  complete  assessment  of  EUE  other

environmental variables should be included. Finally, applying a global MRIO model with full sub-national

resolution would open the black box of the rest of Spain and allow asymmetries in material and monetary

flows among all regions to be assessed. These new paths in EUE-based research are necessary in order to

challenge more widespread trade theories  and uncover  the  increasing globalised  and intricate  exchange

networks between consumers, world regions and ecosystems.

References

Adriaanse, A., Bringezu, S., Hammond, Y., Moriguchi, Y., Rodenburg, E., Rogich, D., Schütz, H., 1997. 
Resource flows: The material basis of industrial economies. World Resources Institute, Washington, 
DC.

Andersson, J.O., Lindroth, M., 2001. Ecologically unsustainable trade. Ecol. Econ. 37, 113–122. 
https://doi.org/10.1016/S0921-8009(00)00272-X

Arto, I., Genty, A., Rueda-Cantuche, J.M., Villanueva, A., Andreoni, V., 2012. Global Resources Use and 
Pollution, Volume 1 / Production, Consumption and Trade (1995-2008). Seville. 
https://doi.org/10.2791/94365

Bachmann, C., Roorda, M.J., Kennedy, C., 2015. Developing a Multi-Scale Multi-Region Input–Output 
Model. Econ. Syst. Res. 27, 172–193. https://doi.org/10.1080/09535314.2014.987730

Beiras, X.M., 1973. O atraso económico de Galicia, (Vol. 36). ed. Galaxia.

Bruckner, M., Giljum, S., Lutz, C., Wiebe, K.S., 2012. Materials embodied in international trade – Global 
material extraction and consumption between 1995 and 2005. Glob. Environ. Chang. 22, 568–576. 
https://doi.org/10.1016/j.gloenvcha.2012.03.011

Bunker, S.G., 1984. Modes of Extraction, Unequal Exchange, and the Progressive Underdevelopment of an 
Extreme Periphery: The Brazilian Amazon, 1600-1980. Am. J. Sociol. 89, 1017–1064.

Cadarso, M.Á., Monsalve, F., Arce, G., 2018. Emissions burden shifting in global value chains – winners and
losers under multi-regional versus bilateral accounting. Econ. Syst. Res. 5314, 1–23. 
https://doi.org/10.1080/09535314.2018.1431768

Carpintero, Ó., Sastre, S., Lomas, P.L., Arto, I., Bellver, J., Delgado, M., Doldán, X.R., Fernández, J., Frías, 
J., Ginard, X., González, A.C., Gual, M.Á., Murray, I., Naredo, J.M., Ramos, J., Velázquez, E., 

501

502

503

504

505

506

507

508

509

510

511

512

513

514

515

516
517
518

519
520

521
522
523

524
525

526

527
528
529

530
531

532
533
534

535
536



Villasante, S., 2015. El metabolismo económico regional español, FUHEM ecosocial. 
https://doi.org/10.1007/s13398-014-0173-7.2

Cazcarro, I., Duarte, R., Sánchez Chóliz, J., 2013. Multiregional input-output model for the evaluation of 
Spanish water flows. Environ. Sci. Technol. 47, 12275–12283. https://doi.org/10.1021/es4019964

Chase-Dunn, C., Hall, T.D., 1997. Rise and Demise: Comparing World-Systems. Westview Press, Boulder.

Christis, M., Geerken, T., Vercalsteren, A., Vrancken, K.C., 2016. Improving footprint calculations of small 
open economies: combining local with multi-regional input–output tables. Econ. Syst. Res. 5314, 1–23.
https://doi.org/10.1080/09535314.2016.1245653

de Koning, A., Bruckner, M., Lutter, S., Wood, R., Stadler, K., Tukker, A., 2015. Effect of aggregation and 
disaggregation on embodied material use of products in input–output analysis. Ecol. Econ. 116, 289–
299. https://doi.org/10.1016/j.ecolecon.2015.05.008

Delgado Cabeza, M., 1981. Dependencia y marginación de la economía andaluza. Monte de Piedad y Caja 
de Ahorros de Córdoba.

Dittrich, M., Bringezu, S., 2010. The physical dimension of international trade. Ecol. Econ. 69, 1838–1847. 
https://doi.org/10.1016/j.ecolecon.2010.04.023

Doldán-García, X.R., 2009. Energía, in: González Laxe, F. (Ed.), Galicia: Economía. Tomo XLI: Os Sectores
e Actividades Produtivas. Hércules de Ediciones, pp. 100–145.

Doldán, X.R., 2013. O impacto socioeconómico do proxecto de Corcoesto. Cern. Rev. Galega Ecol. e 
Medioambiente 16–17.

Dorninger, C., Hornborg, A., 2015. Can EEMRIO analyses establish the occurrence of ecologically unequal 
exchange? Ecol. Econ. 119, 414–418. https://doi.org/10.1016/j.ecolecon.2015.08.009

Drakakis-Smith, D. and Wyn W., (Ed.), 1983. Internal Colonialism: Essays around a Theme. Department of 
Geography-University of Edinburgh, Edinburgh.

Eisenmenger, N., Wiedenhofer, D., Schaffartzik, A., Giljum, S., Bruckner, M., Schandl, H., Wiedmann, T.O., 
Lenzen, M., Tukker, A., de Koning, A., 2016. Consumption-based material flow indicators — 
Comparing six ways of calculating the Austrian raw material consumption providing six results. Ecol. 
Econ. 128, 177–186. https://doi.org/10.1016/j.ecolecon.2016.03.010

Emmanuel, A., 1972. Unequal Exchange: A Study of the Imperialism. Monthly Review Press, New York.

Eurostat, 2018. Economy-wide material flow accounts. Handbook, 2018 editi. ed. Publications Office of the 
European Union, Luxembourg. https://doi.org/10.2785/158567

Falconí, F., Ramos-Martin, J., Cango, P., 2017. Caloric unequal exchange in Latin America and the 
Caribbean. Ecol. Econ. 134, 140–149. https://doi.org/10.1016/j.ecolecon.2017.01.009

Fischer-Kowalski, M., Krausmann, F., Giljum, S., Lutter, S., Mayer, A., Bringezu, S., Moriguchi, Y., Schütz, 
H., Schandl, H., Weisz, H., 2011. Methodology and Indicators of Economy-wide Material Flow 
Accounting. J. Ind. Ecol. 15, 855–876. https://doi.org/10.1111/j.1530-9290.2011.00366.x

Geschke, A., Hadjikakou, M., 2017. Virtual laboratories and MRIO analysis – an introduction. Econ. Syst. 
Res. 29, 143–157. https://doi.org/10.1080/09535314.2017.1318828

537
538

539
540

541

542
543
544

545
546
547

548
549

550
551

552
553

554
555

556
557

558
559

560
561
562
563

564

565
566

567
568

569
570
571

572
573



Giljum, S., Bruckner, M., Martinez, A., 2015. Material footprint assessment in a global input-output 
framework. J. Ind. Ecol. 19, 792–804. https://doi.org/10.1111/jiec.12214

Giljum, S., Wieland, H., Lutter, S., Eisenmenger, N., Schandl, H., Owen, A., 2019. The impacts of data 
deviations between MRIO models on material footprints: A comparison of EXIOBASE, Eora, and 
ICIO. J. Ind. Ecol. 1–13. https://doi.org/10.1111/jiec.12833

Givens, J.E., Jorgenson, A.K., 2011. The effects of Affluence, Economic Development, and Environmental 
Degradation on Environmental Concern: A multilevel analysis. Organ. Environ. 24, 74–91. 
https://doi.org/10.1177/1086026611406030

Godar, J., Persson, U.M., Tizado, E.J., Meyfroidt, P., 2015. Towards more accurate and policy relevant 
footprint analyses: Tracing fine-scale socio-environmental impacts of production to consumption. Ecol.
Econ. 112, 25–35. https://doi.org/10.1016/j.ecolecon.2015.02.003

Grosfoguel, R., 2011. Decolonizing Post-Colonial Studies and Paradigms of Political-Economy: 
Transmodernity, Decolonial Thinking, and Global Coloniality. Journal of Peripheral Cultural 
Production of the Luso-Hispanic World.

Gonzalez-Martinez, A.C., Schandl, H., 2008. The biophysical perspective of a middle income economy: 
Material flows in Mexico. Ecol. Econ. 68, 317–327. https://doi.org/10.1016/j.ecolecon.2008.03.013

González Casanova, P., 1965. Internal colonialism and national development. Stud. Comp. Int. Dev. 1, 27–
37.

Hechter, M., 1975. Internal Colonialism: The Celtic Fringe in British National Development, Routledge & 
Kegan Paul, London.

Hicks, J., 2004. On the Application of Theories of ‘Internal Colonialism’ to Inuit Societies, Annual 
Conference of the Canadian Political Science Association, Winnipeg, June, 5.

Hornborg, A., 2009. Zero-Sum world: Challenges in conceptualizing environmental load displacement and 
ecologically unequal exchange in the world-system. Int. J. Comp. Sociol. 50, 237–262. 
https://doi.org/10.1177/0020715209105141

Hornborg, A., 1998. Towards an ecological theory of unequal exchange: articulating world system theory and
ecological economics. Ecol. Econ. 25, 127–136. https://doi.org/10.1080/09670880802658141

Hornborg, A. and Crumley, C.C., (Ed.), 2006. The World System and the Earth System: global 
socioenvironmental change and sustainability since the Neolithic. Left Coast Press, inc., Walnut Creek.

Infante-Amate, J., Krausmann, F., 2019. Trade, Ecologically Unequal Exchange and Colonial Legacy: The 
Case of France and its Former Colonies (1962–2015). Ecol. Econ. 156, 98–109. https://doi.org/10.1016/
j.ecolecon.2018.09.013

Jorgenson, A.K., Austin, K., Dick, C., 2009. Ecologically unequal exchange and the resource 
consumption/environmental degradation paradox: A panel study of less-developed countries, 1970-
2000. Int. J. Comp. Sociol. 50, 263–284. https://doi.org/10.1177/0020715209105142

Kanemoto, K., Lenzen, M., Peters, G.P., Moran, D.D., Geschke, A., 2012. Frameworks for comparing 
emissions associated with production, consumption, and international trade. Environ. Sci. Technol. 46, 
172–179. https://doi.org/10.1021/es202239t

Kennedy, C., Cuddihy, J., Engel-Yan, J., 2007. Metabolism of Cities. J. Ind. Tecnol. 11, 43–59.

574
575

576
577
578

579
580
581

582
583
584

585
586
587

588
589

590
591

592
593

594
595

596
597
598

599
600

601
602

603
604
605

606
607
608

609
610
611

612



Krausmann, F., Fischer-Kowalski, M., Schandl, H., Eisenmenger, N., 2008. The global sociometabolic 
transition: Past and present metabolic profiles and their future trajectories. J. Ind. Ecol. 12, 637–656. 
https://doi.org/10.1111/j.1530-9290.2008.00065.x

Krausmann, F., Gingrich, S., Eisenmenger, N., Erb, K.-H., Haberl, H., Fischer-Kowalski, M., 2009. Growth 
in global materials use, GDP and population during the 20th century. Ecol. Econ. 68, 2696–2705. 
https://doi.org/10.1016/j.ecolecon.2009.05.007

Lenzen, M., 2000. Errors in Conventional and Input-Output—based Life-Cycle Inventories. J. Ind. Ecol. 4, 
127–148. https://doi.org/10.1162/10881980052541981

Lenzen, M., Geschke, A., Wiedmann, T., Lane, J., Anderson, N., Baynes, T., Boland, J., Daniels, P., Dey, C., 
Fry, J., Hadjikakou, M., Kenway, S., Malik, A., Moran, D., Murray, J., Nettleton, S., Poruschi, L., 
Reynolds, C., Rowley, H., Ugon, J., Webb, D., West, J., 2014. Compiling and using input-output 
frameworks through collaborative virtual laboratories. Sci. Total Environ. 485–486, 241–251. 
https://doi.org/10.1016/j.scitotenv.2014.03.062

Lenzen, M., Kanemoto, K., Moran, D., Geschke, A., 2012. Mapping the structure of the world economy. 
Environ. Sci. Technol. 46, 8374–8381. https://doi.org/10.1021/es300171x

Lenzen, M., Moran, D., Kanemoto, K., Geschke, A., 2013. Building Eora: a Global Multi-Region Input–
Output Database At High Country and Sector Resolution. Econ. Syst. Res. 25, 20–49. 
https://doi.org/10.1080/09535314.2013.769938

Lutter, S., Giljum, S., Bruckner, M., 2016. A review and comparative assessment of existing approaches to 
calculate material footprint. Ecol. Econ. 127, 1–10. https://doi.org/10.1016/j.ecolecon.2016.03.012

Martínez-Filgueira, X., Peón, D., López-Iglesias, E., 2017. Intra-rural divides and regional planning: an 
analysis of a traditional emigration region (Galicia, Spain). Eur. Plan. Stud. 25, 1237–1255. 
https://doi.org/10.1080/09654313.2017.1319465

Matthews, E., Amann, C., Fischer-Kowalski, M., Bringezu, S., Hüttler, W., Kleijn, R., Moriguchi, Y., Ottke, 
K., Rodenburg, E., Rogich, D., Schandl, H., Schütz, H., van der Voet, E., Weisz, H., 2000. The weight 
of nations: material outflows from industrial economies. World Resources Institute, Washington, DC.

Metabolism of Cities, 2019. Metabolism of Cities https://metabolismofcities.org/.

Moore, J.W., 2000. Sugar and the Expansion of the Early Modern World-Economy: Ecological 
Transformation, and Industrialization. Rev. Fernand Braudel Cent. 23, 409–433.

Moran, D., Mcbain, D., Kanemoto, K., Lenzen, M., Geschke, A., 2015. Global Supply Chains of Coltan: A 
Hybrid Life Cycle Assessment Study Using a Social Indicator. J. Ind. Ecol. 19, 357–365. 
https://doi.org/10.1111/jiec.12206

Moran, D.D., Lenzen, M., Kanemoto, K., Geschke, A., 2013. Does ecologically unequal exchange occur? 
Ecol. Econ. 89, 177–186. https://doi.org/10.1016/j.ecolecon.2013.02.013

Muñoz, P., Giljum, S., Roca, J., 2009. The Raw Material Equivalents of International Trade. Empirical 
Evidence for Latin America. J. Ind. Ecol. 13, 881–897. https://doi.org/10.1111/j.1530-
9290.2009.00154.x

Muradian, R., Martinez-Alier, J., 2001. Trade and the environment: from a ‘Southern’ perspective. Ecol. 
Econ. 36, 281–297. https://doi.org/10.1016/S0921-8009(00)00229-9

613
614
615

616
617
618

619
620

621
622
623
624
625

626
627

628
629
630

631
632

633
634
635

636
637
638

639

640
641

642
643
644

645
646

647
648
649

650
651



Muradian, R., Walter, M., Martinez-Alier, J., 2012. Hegemonic transitions and global shifts in social 
metabolism: Implications for resource-rich countries. Introduction to the special section. Glob. Environ.
Chang. 22, 559–567. https://doi.org/10.1016/j.gloenvcha.2012.03.004

Naredo, J.M., Gaviria, M., Serna, J., 1978. Extremadura saqueada: recursos naturales y autonomía regional.

Oppon, E., Acquaye, A., Ibn-Mohammed, T., Koh, L., 2018. Modelling Multi-regional Ecological 
Exchanges: The Case of UK and Africa. Ecol. Econ. 147, 422–435. 
https://doi.org/10.1016/j.ecolecon.2018.01.030

Organisation for Economic Co-operation and Development (OECD), 2008. Measuring material flow and 
resource productivity. Volume I. The OECD guide.

Pérez-Rincón, M.A., 2006. Colombian international trade from a physical perspective: Towards an 
ecological “Prebisch thesis.” Ecol. Econ. 59, 519–529. https://doi.org/10.1016/j.ecolecon.2005.11.013

Peters, G.P., 2008. From production-based to consumption-based national emission inventories. Ecol. Econ. 
65, 13–23. https://doi.org/10.1016/j.ecolecon.2007.10.014

Piñero, P., Cazcarro, I., Arto, I., Mäenpää, I., Juutinen, A., Pongrácz, E., 2018. Accounting for Raw Material 
Embodied in Imports by Multi-regional Input-Output Modelling and Life Cycle Assessment, Using 
Finland as a Study Case. Ecol. Econ. 152. https://doi.org/10.1016/j.ecolecon.2018.02.021

Piñero, P., Heikkinen, M., Mäenpää, I., Pongrácz, E., 2015. Sector aggregation bias in environmentally 
extended input output modeling of raw material flows in Finland. Ecol. Econ. 119. 
https://doi.org/10.1016/j.ecolecon.2015.09.002

Prebish, R., 1950. The Economic Development of Latin America and its Principal Problems. New York.

Prell, C., Feng, K., 2016. Unequal Carbon Exchanges: The Environmental and Economic Impacts of Iconic 
U.S. Consumption Items. J. Ind. Ecol. 20, 537–546. https://doi.org/10.1111/jiec.12377

Prell, C., Sun, L., 2015. Unequal carbon exchanges: understanding pollution embodied in global trade. 
Environ. Sociol. 1, 256–267. https://doi.org/10.1080/23251042.2015.1114208

Rodríguez, X.A., Doldán, X.R., Regueiro, R.M., 2018. Recursos enerxéticos e mineiros. Rev. Galega Econ. 
27, 49–64.

Roibás, L., Loiseau, E., Hospido, A., 2018. A simplified approach to determine the carbon footprint of a 
region: Key learning points from a Galician study. J. Environ. Manage. 217, 832–844. 
https://doi.org/10.1016/j.jenvman.2018.04.039

Rubinos, D., Iglesias, L., Devesa-Rey, R., Díaz-Fierros, F., Barral, M.T., 2010. Arsenic release from river 
sediments in a gold-mining area (Anllóns River basin, Spain): effect of time, pH and phosphorous 
concentration. Eur. J. Mineral. 22, 665–678.

Russi, D., Gonzalez-Martinez, A.C., Silva-Macher, J.C., Giljum, S., Martínez-Alier, J., Vallejo, M.C., 2008. 
Material Flows in Latin America. J. Ind. Ecol. 12, 704–720. https://doi.org/10.1111/j.1530-
9290.2008.00074.x

Samaniego, P., Vallejo, M.C., Martínez-Alier, J., 2017. Commercial and biophysical deficits in South 
America, 1990–2013. Ecol. Econ. 133, 62–73. https://doi.org/10.1016/j.ecolecon.2016.11.012

Sastre, S., Carpintero, Ó., Lomas, P.L., 2015. Regional Material Flow Accounting and Environmental 
Pressures: The Spanish Case. Environ. Sci. Technol. 49, 2262–2269. https://doi.org/10.1021/es504438p

652
653
654

655

656
657
658

659
660

661
662

663
664

665
666
667

668
669
670

671

672
673

674
675

676
677

678
679
680

681
682
683

684
685
686

687
688

689
690



Schaffartzik, A., Mayer, A., Eisenmenger, N., Krausmann, F., 2016. Global patterns of metal extractivism, 
1950-2010: Providing the bones for the industrial society’s skeleton. Ecol. Econ. 122, 101–110. https://
doi.org/10.1016/j.ecolecon.2015.12.007

Schandl, H., Fischer-Kowalski, M., West, J., Giljum, S., Dittrich, M., Eisenmenger, N., Geschke, A., Lieber, 
M., Wieland, H., Schaffartzik, A., Krausmann, F., Gierlinger, S., Hosking, K., Lenzen, M., Tanikawa, 
H., Miatto, A., Fishman, T., 2016. Global Material Flows and Resource Productivity. Assessment 
Report for the UNEP International Resource Panel. https://doi.org/10.1111/jiec.12626

Schoder, T., Amann, C., Bagliani, M., Blöchliger, H., Eichler, M., Eisenmenger, N., Ferlaino, F., Koellreuter, 
C., Liechti, P., Martini, F., Maurer, C., Mazza, L., Merki, M., Moroder, S., Peretti, C., Ramos Martin, J.,
Ritter, M., Ryser, N., Schai, F., Schandl, H., Schriber, M., Schütz, H., Steffes, A., Warr, B., 2005. 
MARS: Monitoring the Alpine Region’s Sustainability. BAK Basel Economics. 

Schoer, K., Wood, R., Arto, I., Weinzettel, J., 2013. Estimating raw material equivalents on a macro-level: 
comparison of multi-regional input-output analysis and hybrid LCI-IO. Environ. Sci. Technol. 47, 
14282–9. https://doi.org/10.1021/es404166f

Seppälä, J., Mäenpää, I., Koskela, S., Mattila, T., Nissinen, A., Katajajuuri, J.M., Härmä, T., Korhonen, M.R.,
Saarinen, M., Virtanen, Y., 2011. An assessment of greenhouse gas emissions and material flows caused
by the Finnish economy using the ENVIMAT model. J. Clean. Prod. 19, 1833–1841. 
https://doi.org/10.1016/j.jclepro.2011.04.021

Shandra, J.M., Leckband, C., London, B., 2009a. Ecologically unequal exchange and deforestation: A cross-
national analysis of forestry export flows. Organ. Environ. 22, 293–310. 
https://doi.org/10.1177/1086026609343097

Shandra, J.M., Leckband, C., McKinney, L.A., London, B., 2009b. Ecologically unequal exchange, world 
polity, and biodiversity loss: A cross-national analysis of threatened mammals. Int. J. Comp. Sociol. 50,
285–310. https://doi.org/10.1177/0020715209105143

Shandra, J.M., Shor, E., London, B., 2009c. World Polity, Unequal Ecological Exchange, and Organic Water 
Pollution: A Cross-National Analysis of Developing Nations. Hum. Ecol. Rev. 16, 53–63. 
https://doi.org/10.1097/01.idc.0000221618.17460.12

Su, B., Ang, B.W., 2011. Multi-region input–output analysis of CO2 emissions embodied in trade: The 
feedback effects. Ecol. Econ. 71, 42–53. https://doi.org/10.1016/j.ecolecon.2011.08.024

Sun, Z., Tukker, A., Behrens, P., 2018. Going Global to Local: Connecting Top-Down Accounting and Local 
Impacts, A Methodological Review of Spatially Explicit Input–Output Approaches. Environ. Sci. 
Technol. 53, 1048–1062. https://doi.org/10.1021/acs.est.8b03148

Tukker, A., Bulavskaya, T., Giljum, S., de Koning, A., Lutter, S., Simas, M., Stadler, K., Wood, R., 2014. The
Global Resource Footprint of Nations. Carbon, water, land and materials embodied in trade and final 
consumption calculated with EXIOBASE 2.1. Leiden/Delft/Vienna/Trondheim.

Tukker, A., de Koning, A., Owen, A., Lutter, S., Bruckner, M., Giljum, S., Stadler, K., Wood, R., Hoekstra, 
R., 2018. Towards Robust, Authoritative Assessments of Environmental Impacts Embodied in Trade. 
Current State and Recommendations. J. Ind. Ecol. 22, 585–598. https://doi.org/10.1111/jiec.12716

691
692
693

694
695
696
697

698
699
700
701

702
703
704

705
706
707
708

709
710
711

712
713
714

715
716
717

718
719

720
721
722

723
724
725

726
727
728



Tukker, A., Dietzenbacher, E., 2013. Global Multiregional Input–Output Frameworks: an Introduction and 
Outlook Global Multiregional Input–Output. Econ. Syst. Res. 25, 1–19. 
https://doi.org/10.1080/09535314.2012.761179

Wallerstein, I., 1974. The Modern World-System I: Capitalist Agriculture and the Origins of the European 
World-Economy in the Sixteenth Century. Academic, New York.

Weinzettel, J., Kovanda, J., 2009. Assessing Socioeconomic Metabolism Through Hybrid Life Cycle 
Assessment. J. Ind. Ecol. 13, 607–621. https://doi.org/10.1111/j.1530-9290.2009.00144.x

Weisz, H., Krausmann, F., Amann, C., Eisenmenger, N., Erb, K.-H., Hubacek, K., Fischer-Kowalski, M., 
2006. The physical economy of the European Union: Cross-country comparison and determinants of 
material consumption. Ecol. Econ. 58, 676–698. https://doi.org/10.1016/j.ecolecon.2005.08.016

Wenar, L., 2015. Blood Oil: Tyrants, Violence, and the Rules That Run the World. Oxford University Press.

Wiebe, K.S., Bruckner, M., Giljum, S., Lutz, C., Polzin, C., 2012. Carbon and materials embodied in the 
international trade of emerging economies: A multiregional input-output assessment of trends between 
1995 and 2005. J. Ind. Ecol. 16, 636–646. https://doi.org/10.1111/j.1530-9290.2012.00504.x

Wiedmann, T., 2009. A review of recent multi-region input–output models used for consumption-based 
emission and resource accounting. Ecol. Econ. 69, 211–222. 
https://doi.org/10.1016/j.ecolecon.2009.08.026

Wiedmann, T., Lenzen, M., 2018. Environmental and social footprints of international trade. Nat. Geosci. 11,
314–321. https://doi.org/10.1038/s41561-018-0113-9

Wiedmann, T.O., Schandl, H., Lenzen, M., Moran, D., Suh, S., West, J., Kanemoto, K., 2015. The material 
footprint of nations. Proc. Natl. Acad. Sci. U. S. A. 112, 6271–6276. 
https://doi.org/10.1073/pnas.1220362110

Wolman, A., 1965. The metabolism of cities. Sci. Am. 213, 178–193.

Yu, Y., Feng, K., Hubacek, K., 2014. China’s unequal ecological exchange. Ecol. Indic. 47, 156–163. https://
doi.org/10.1016/j.ecolind.2014.01.044

729
730
731

732
733

734
735

736
737
738

739

740
741
742

743
744
745

746
747

748
749
750

751

752
753



Supporting Information
Unequal raw material exchange between and within countries: Galicia (NW

Spain) as a core-periphery economy

Pablo Piñero1, David Pérez-Neira2, Juan Infante-Amate3, María L. Chas-Amil4, Xoán R. Doldán-García5

1. Method description

Two approaches for estimating raw material and value added flows and trade balances were used: i) the
Multi-Regional Input-Output (MRIO) model (explained in sub-section 1.1) and ii) the Material Embodied in
Bilateral Trade (MEBT) model (explained in sub-section 1.2). The MRIO approach was used for calculating
the material footprint, while MEBT for estimating material and value added trade balances. However, trade
balances estimated following the MRIO approach are also offered for comparison (sub-section 2.1). The
model built combines global MRIO data with subnational IO data (details in sub-section 1.3). Data sources
are provided in Annex 1.

1.1. The Multi-Regional Input-Output (MRIO) model

The general expression in the MRIO approach for a simplified system with two regions r and s is summarized
in equation 1,

φr =
(
δr δs

) (
Lrr Lrs

Lsr Lss

)(
yrr

ysr

)
= δ′Ly (1)

where each element has a i sub-index denoting origin, while for L and y also a i sub-index for destination. φr

denotes the raw material attributed to the final consumption of region r, which is composed by the final
consumption of domestic products yrr and imported ysr. The δi is the raw material extraction per sectoral
output in each region, which is obtained following δi = riq̂

−1
i where ri is the total raw material extraction by

each industry and qi refers to total sectoral output. Further, L = (I −A)−1 is the global Leontief inverse,
whose element Lij indicates total input requirements of region i per unit of final demand of products from
region j, and A is the global technical coefficients matrix, whose Aij are estimated following Aij = Zij q̂

−1
i

where Zij is the intermediates matrix (further details about input output in Miller and Blair, (2009) and
European Commission, et al., 2017). In the MRIO-based approach, intermediate trade among regions r and s
is treated endogenously and L is estimated using domestic intermediates Ai=j along as trade ones Ai 6=j . This
feature makes possible to relate global final consumptions with indirect material requirements of intermediate
trade.

1.2. The Material Embodied in Bilateral Trade (MEBT) model

In MEBT, intermediate trade among regions r and s is treated exogenously, as described in equation 2,

φ∗r = δ′rL
d
rrŷrr + δ′sL

d
ssm̂sr − δ′rL

d
rrm̂rs (2)
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where φ∗r denotes the raw material attributed to consumption in region r. It is calculated adding up domestic
extractions due to final demand of domestic products δ′rLd

rrŷrr plus material embodied in total imports
δ′sL

d
ssm̂sr minus material embodied in total exports δ′rLd

rrm̂rs, where mij are imports from i to j. In this case,
Ld is the local Leontief inverse and uses domestic intermediates only, i.e. Ai=j , while off diagonal elements
are zero, i.e. Ai6=j = 0 (for further details see Cadarso et al., 2018). This allocates domestic extractions to
both intermediate and final trade products.

In this study, equation 2 is only used for deriving the raw material trade balance between regions r and s
following equation 3,

ρrs = δ′sL
d
ssm̂sr − δ′rL

d
rrm̂rs (3)

If ρrs > 0, it can be stated that region r is a net importer of raw materials, while it is a net exporter if the
opposite occurs. For comparing these flows with financial ones, two monetary variables were used: trade
in value added and gross trade. Trade in value added was estimated similarly to equation 3, as equation 4
describes,

βrs = υ′rL
d
rrm̂rs − υ′sL

d
ssm̂sr (4)

but instead of δi, value added generated per sectoral output υi was defined, which was obtained following
υi = piq̂

−1
i where pi is the total value added generated by each industry. Also terms are reversed and thus, if

βrs > 0 region r is a net exporter of value added. Results are also presented in relative terms or ‘intensities’
of material use per unit of value added traded. On the other hand, gross trade is measured simply using mij ,
that is, gross trade balance for region r is defined as mrs −msr. Terms of trade refer to the gross monetary
value per unit of material embodied in mass units.

1.3. Model construction

In figure S1, the procedure for combining global and sub-national IO data is explaining using a two to three
regions model, in which Z, Y , P , x, and E, denote respectively, intermediate consumption, final demand,
primary inputs, total outputs and domestic extractions. First, Galicia’s input-output data were converted
from euros to USD using IMF conversion rates for year 2011 (approx. 0.88 euros/USD). Next, the procedure
consisted in six steps:

i) Domestic supply, use and final demand tables for Galicia were subtracted from the domestic supply,
use and final demand tables of Spain available in Eora (i.e. ZGal,Gal and YGal,Gal were subtracted from
ZSP,SP and YSP,SP ), using an ad-hoc correspondence scheme between both systems to a common 86
products by 61 industries scheme for the supply and use tables, and to a 86 products by 4 final demand
categories for the final demand tables. It worth noting that the correspondence was done between CPC
(Central Product Classification) Ver.2 followed in Galicia’s IO matrices and CPC Ver.1 of Eora.

ii) Final demand and intermediate consumption tables of inter-regional flows (between Galicia and the rest
of Spain) were obtained using the exports-vector from Galicia to the rest of Spain and the imports-vector
from the rest of Spain to Galicia available in the Galician IO framework. For the exports from Galicia
to the rest of Spain (ZGal,RoSP and YGal,RoSP ) the domestic use shares for Spain in Eora (ZSP,SP and
YSP,SP ) were assumed. In contrast, for the imports to Galicia from the rest of Spain (ZRoSP,Gal and
YRoSP,Gal), the import use shares of the Galician official imports use table were utilized.

iii) Subtracting inter-regional flows and domestic transactions in Galician tables from the domestic Spanish
tables in Eora, the domestic intermediate consumption and final demand tables for the rest of Spain
were obtained. That is, following ZRoSP,RoSP = ZSP,SP − (ZGal,Gal + ZGal,RoSP + ZRoSP,Gal), and
YRoSP,RoSP = YSP,SP − (YGal,Gal + YGal,RoSP + YRoSP,Gal).

iv) For imports from the rest of the world to Galicia (ZRoW,Gal and YRoW,Gal), the table of use of imports
was split for each country using trade data about country of origin of imports. For exports from Galicia
to the rest of the world (ZGal,RoW and YGal,RoW ), the exports-vector for each country following custom
data was distributed among industries and final demand categories, using the shares for Spain in Eora
(ZSP,RoW and YSP,RoW ). The utilization of specific trade data for Galicia is one difference between the
model for Flanders developed by Christis et al. (2016) and this one.
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v) Subtracting trade between Galicia and the rest of the world, intermediate consumption and final
demand tables between the rest of the world and the rest of Spain were obtained. That is, for
exports from the rest of Spain to the rest of the world ZRoSP,RoW = ZSP,RoW − ZGal,RoW and
YRoSP,RoW = YSP,RoW − YGal,RoW were followed, while for imports from the rest of the world to the
rest of Spain ZRoW,RoSP = ZRoW,SP − ZRoW,Gal and YRoW,RoSP = YRoW,SP − YRoW,Gal were applied.

vi) An ad-hoc correspondence table between primary inputs categorizations in Eora and the official Galician
framework was developed. Next, the primary inputs from Galicia PGal,Gal were subtracted from the
Spain’s primary input table in Eora PSP,SP , and the primary inputs for the rest of Spain were obtained
PRoSP,RoSP .

After including two new regions in Eora (Galicia and the rest of Spain), the original Eora classification system
is expanded from 14,839 to 14,938 industries. Maintaining an equivalence between the Spanish values in Eora
and the two new regions was a priority and when official data for Galicia exceeded Eora values, these were
excluded. Thus, original Spanish tables in Eora can be obtained when adding up the tables for the rest of
Spain and Galicia. The potential impact in the results of those exclusions was assessed without noting any
perceptible deviation.

Figure S1. Construction of MRIO model with sub-national resolution for Galicia.
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2. Method and data limitations

2.1 Trade balances following the MRIO approach (i.e. intermediate products considered en-
dogenously)
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Figure S2. Total trade balance in A) raw materials (RM) and B) value added (VA) in 2011 using the MRIO
approach (countries below 110 million tonnes trade flow, with the exception of Galicia, and with population
density above 600 inhabitants per km2 are not shown).
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Figure S3. Trade balance in A) raw materials (RM) and B) value added (VA) for Galicia and its 25 most
important raw material trade partners in 2011 using the MRIO approach. Trade balances are in absolute
values on the y-axis.
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2.2 Comparison between direct and embodied raw material flows
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Figure S4. Trade balance in A) raw materials (RM) and B) direct materials (DM) for Galicia and its 25 most
important raw material trade partners. Trade balances are in absolute values on the y-axis.
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Annex 1. Data sources

Food and Agriculture Yearbook
Spanish Ministry of Agriculture and Fishing, Food and Environment (MAPAMA)
http://www.mapama.gob.es/es/estadistica/temas/publicaciones/anuario-de-estadistica/2011/default.aspx
(Accessed 23.1.2018)

Forestry Yearbook
Spanish Ministry of Agriculture and Fishing, Food and Environment (MAPAMA)
http://www.mapama.gob.es/es/biodiversidad/estadisticas/forestal_anuario_2011.aspx (Accessed 23.1.2018)

Maritime fishing captures and discharges statistics
Spanish Ministry of Agriculture and Fishing, Food and Environment (MAPAMA)
http://www.mapama.gob.es/es/estadistica/temas/estadisticas-pesqueras/pesca-maritima/estadistica-
capturas-desembarcos/ (Accessed 23.1.2018)

Port statistics of the Galician Statistical Office
Galician Statistical Office (IGE)
https://www.ige.eu/web/mostrar_actividade_estatistica.jsp?idioma=gl&codigo=0307007003 (Accessed
23.1.2018)

National mining statistics
Spanish Geological Survey (IGME)
http://www.minetad.gob.es/energia/mineria/Estadistica/Paginas/Consulta.aspx (Accessed 23.1.2018)

Official Material Flow Accounts
Spanish National Statistics Institute (INE)
http://www.ine.es/dynt3/inebase/index.htm?type=pcaxis&path=/t26/p086/serie/&file=pcaxis&L=0 (Ac-
cessed 23.1.2018)

Global MRIO database Eora
Developed by the University of Sydney and own by KGM associates (http://kgm-associates.com/)
http://www.worldmrio.com/ (Accessed 23.1.2018)

Input-Output Framework Galicia 2011
Galician Statistical Office (IGE)
https://www.ige.eu/web/mostrar_actividade_estatistica.jsp?idioma=es&codigo=0307007003 (Accessed
23.1.2018)

DataComex (Trade Statistics)
Spanish Ministry of Economy, Industry and Competitiveness
http://datacomex.comercio.es/ (Accessed 23.1.2018)
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