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INTRODUCTION 

Commodity trade has played a crucial role within the post-World-War economic 
development. The globalisation of the international division of labour, one of the 
leading narratives, dominates the discourse on trade and its effects. Trade 
liberalisation has been a high priority issue on the political agenda. Important 
developments fall into the observed periods from 1970 to 2005, which are supposed 
to have influenced the trade patterns of the participating countries. The rise of 
various developing economies, in particular from 1990 onwards, left a mark on the 
international division of labour. The relocation of (semi-)manufacture production to 
emerging markets and the process of industrialisation, in particular in Asia, have lead 
to significant changes in the structures of global trade.  

The international transfer of resources and (semi-)manufactured products has been 
studied from a broad range of perspectives and disciplines. Yet, quantitative 
empirical research has been predominantly based on monetary figures. Biophysical 
analyses of global trade are still rare. Material Flow Analysis (MFA) has evolved as 
one of the dominant approaches to track and analyse societal interaction with the 
natural environment and an increasing body of literature is available that analyses 
national and global material flows (see for example Krausmann et al. 2009, Schandl 
and West 2010, Schandl and West 2012, Wiebe et al. 2012, Dittrich 2010). This 
study presents a new MFA dataset for global trade flows and a descriptive analysis of 
the data. The preposition that trade gained in importance and changes of the 
composition of trade flows are evaluated based on a MFA of global trade for the 
years 1970, 1980, 1990, 2000 and 2005. Furthermore the bio-physical results are 
compared to the image portrayed by monetary data. Apart of these, questions related 
to the international division of labour are in the centre of attention. Trade enables 
countries to import goods, which are not available sufficiently, into the national 
economic systems, while exporting “abundant” commodities to other regions. Various 
theories question the win-win situation for all participating countries suggested by 
mainstream economics. Past and current trade patterns are seen disadvantageous, 
in particular for lesser developed economies. The proposition of the World System 
Theory that the core (industrialised countries) appropriate primary goods from the 
periphery (developing countries) while exporting high-value manufactured products 
shall be reviewed. Based on physical (and monetary) trade balance, a distinction of 
country clusters should deliver valuable insights on global pattern of trade and the 
resource appropriation and provision in the world economic system.  
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THEORETICAL BACKGROUND 

Trade is of central importance to a broad range of discourses, characterised by a 
strong multi and interdisciplinary character. Numerous attempts to analyse and 
explain patterns behind trade incorporated different narrative perspectives: Which 
goods are and have been traded, wherefrom and whereto? Which factors influence 
the composition of trade and structural changes of the world economic system? Is 
trade serving all trading partners equally and if not, to whose benefit and 
disadvantage do current patterns of the global economic system work? The impacts 
of trade on the economy, the social system and the environment are controversially 
discussed from different disciplinary perspectives: economics, social ecology, history, 
geography, political science, or anthropology, to name only a few. All of these have 
coined the debates on general and specific aspects of global trade, leaving an 
inexhaustible pool of theories, analytical frameworks and empirical studies. For the 
sake of delivering a precise and adequate background regarding this study, three 
different ways to approach and discuss trade are introduced and briefly discussed 
after a concise introduction into the social metabolism:  

Economic theory and the derived understanding of the international division of labour 
shaped the currently prevailing understanding of trade. The (neo-) classical theorems 
widely emphasise efficiency gains, achieved through the international division of 
labour. Mutual benefits are generated, suggesting a win-win situation for all trade 
participants. Furthermore, the ideas on balance of payments are of specific interest 
for this study and are discussed in a short history of global trade.  

The optimistic dogma is thoroughly questioned by the political and developmental 
sciences, where trade is increasingly characterised by an uneven distribution of 
benefits and burdens. “Unequal exchange” is seen as one of the underlying reasons 
for global inequalities hindering social development, especially in “the South”. 
Various authors suggest that trade plays a significant role for manifesting the 
hegemonic structure of the world system. In recent decades, environmental aspects 
and the transfer of ecological impacts (pollution, degradation) to export-orientated 
regions, predominately developing economies, gained ground within this debate.  

Trade in the context of the Societal Metabolism approach enables countries to leave 
behind some of the local bio-physical constraints they are facing, to alter their 
patterns of resource use and to permit growth beyond local limitations of resource 
availability. The spatial uncoupling of extraction, production and consumption adds 
an ecological component to the idea of “unequal exchange”. MFA represents one of 
the main analytical instruments to understand economic processes from a physical 
viewpoint and plays a significant role in this conceptual framework. 

1.1 Societal Metabolism 

1.1.1 The concept and its analytical instruments 

The perspective of this study is based on a socio-ecologic understanding of 
economic activities differing from classical economics. The interaction between 
nature and society is emphasised. The Societal Metabolism, a conceptual framework 



 - 6 - 

 

central to the field of ecological economics (Ayres and Simonis 1994, Fischer-
Kowalski 1998), depicts the societal system structurally coupled to the natural 
systems. The society-nature relation is described as similar to the metabolism of 
organisms, which is constituted by inflows of matter and energy, accumulation in 
stocks and outflows such as waste. Following this approach, the economy is 
subordinate to physical principles. Economic activities, in particular, have to follow 
the thermodynamic laws of energy conservation and entropy (Ayres and Kneese, 
1969). Considering that materials can accumulate in the stocks of the societal system 
(e.g. infrastructure, buildings) for long periods of time, but ultimately also turn into 
outflows in form of waste, a necessity for the equilibrium of in- and outflows can be 
deduced. Environmental issues in the political and societal discourse focus to a large 
extent on the output flows (e.g. greenhouse gas emissions, pollutants, waste). Since 
outflows can be systematically linked to inflows with the metabolism approach, the 
latter also appear as an essential component for sustainable development.   

A wide variety of accounting instruments to track the societal metabolism is available 
(for an overview see Daniels and More 2001, Daniels 2002, Bringezu and Bleischwitz 
2009). These instruments can be distinguished in regard to the type of flows 
(materials, energy, substances) and system boundaries (e.g. nations, cities, 
enterprises or products). MFA represents one of the main methods to track economy 
wide aspects of societal metabolism (Fischer-Kowalski 2011). Preparing economy-
wide accounts of material flows is a sophisticated and time-consuming task, 
additionally limited by the availability and quality of data. In empirical studies “often 
partial accounts are compiled, mostly focusing on the input side and trade flows” 
(Eurostat 2007a, p.11).  

1.1.2 Socio-Metabolic Regimes 

Depending on the magnitude and kind of matter and energy flows, societies differ 
significantly in terms of their metabolic profiles. In the course of historical 
development three socio-metabolic regimes are distinguished (Sieferle 1982, 2001, 
et al 2006): hunters and gatherers, the agrarian regime and the industrial regime. 
“The theory claims that, in world history, certain modes of human production and 
subsistence can be broadly distinguished that share, at whatever point in time and 
irrespective of biogeographical conditions, certain fundamental systemic 
characteristics derived from the way they utilize and thereby modify nature” 
(Krausmann et al 2008a, p. 639). Bio-geographical factors and resource endowment 
(e.g. climate, soil fertility, access to water, metal and minerals, etc.) are considered to 
influence the metabolic profile and characterise to a certain extent the form of 
transition from one regime to another. These regime transitions receive growing 
attention in the research community (Krausmann et al 2008; Krausmann et al 2007; 
Schandl et al 2007). Energy use is a characteristic feature to describe the regimes 
portraying a different perspective on modes of production and subsistence and - in its 
widest sense - economic development. The Neolithic revolution enabled societies to 
gain increased control of solar energy by increasing the harvest of biomass through 
agriculture. The energy use, almost entirely provided in form of biomass, rose from 
only 10-20 GJ/cap/y in hunter and gatherer societies to 40-70 GJ/cap/y in agrarian 
societies (Krausmann et al 2011). Material use, still dominated by biomass, is 
estimated to have increased from 0.5-1 t/cap/y to 3-6t/cap/y (Krausmann et al 2011). 
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Appropriation of energy was largely restricted by the availability of productive land, 
labour (humans, domesticated animals) and the applied technology (e.g. shifting 
cultivation). Land use changes were the primary form of intervention into the natural 
system. The process of industrialisation, as a transition of an agrarian to an industrial 
socio-metabolic regime, has lead to a tremendous change of the energy system and 
in further consequence of the societal interaction with nature. The subterranean 
forests (Sieferle, 1982, 2001) of fossilised biomass provided large stocks of solar 
energy that had been agglomerated in past geological time periods. Krausmann et al 
( 2008, p.192) depict an illustrative comparison: “The size of the subterranean forest 
exploited by the UK exceeded the size of the country's actual territory in the 1850s 
and by 1900 an additional forest three times as large as the UK would have been 
required to meet the country's demand for heat.” Introducing these resources into the 
societal metabolism enabled society to gain more independence from the land based 
energy system and its constraints and thus increased and transformed the standards 
of living. However, the increased input of matter (15-25 t/cap/y) and energy (150-400 
GJ/cap/y) (Krausmann et al. 2011) into the industrial system and the emissions out of 
it have been accompanied by far-reaching impacts on various ecosystems posing a 
serious threat to the requirements for a sustainable development (Turner et al 1990, 
McNeill 2000, Ayres et al. 1994, Rockstrom et al. 2009). Regarding the dependency 
on and the availability of resources and the limited sink capacities of the ecosystems, 
the long-term existence of such a metabolic profile is highly questionable. 

1.1.3 The transfer of resource in the Societal Metabolism 

The transfer of large amounts of raw material is of crucial importance to satisfy the 
industrial regime's material demand. The earth’s surface is characterised by an 
uneven distribution and quality of essential industrial resources, in particular fossil 
energy carriers and metals and resources do often not occur where the consuming 
populations and their industries are. Trade, hence, provides another means of 
decreasing the dependency on local resource endowment. The growth and 
increasing concentration of population in urban centres boosted the necessity to 
transfer goods from the point of extraction to the location of societal production and 
consumption. Utilisation of fossil energy carriers and trade enabled societies to - 
metaphorically spoken - “uncouple their resource use from time and space”. Apart 
from the general impacts on the ecosystem itself, the dislocation of extraction, 
processing and consumption had far reaching consequences for the societal 
(mis-)understanding of its interaction with the natural environment. Due to the 
increasing international division of labour, the environmental impacts of production 
and consumption patterns are, arguably, decreasingly perceived. The opportunity to 
transfer negative social and ecological externalities raises the question of 
responsibility, posing a governance problem on a political level, since the regulations 
are required to shift from the local to the global level. 

1.2 (Neo-)classical trade theory  

Trade activities can be traced back to ancient times. Lacking energy, technology and 
infrastructure to transfer large masses of commodities limited the exchange to 
preciosities for most of human history. In mercantilism, trade became a focal point in 
economic policies of European states, executed by their nationalised trade 
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companies. Despite the lack of a common definition and theoretical foundation, this 
was broadly based on the understanding of trade as a zero-sum game, where gains 
through trade, achieved by one country, equalised a detriment in another region. 
Thus, the doctrine aimed for a surplus in the balance of payment by encouraging 
exports accompanied by rigorous import barriers. Although trade increased with the 
surge of maritime shipping, it still by and large remained limited to precious goods 
and commodities Shannon 1996, Bunker 2003). The export of manufactured goods 
and the import of raw material served the accumulation of capital as the main target. 
Simplified and generalised, this meant that, in terms of production factors, natural 
resource endowment and hard labour were exchanged for skilled human labour and 
technology.  

Ricardo’s law of comparative advantage 

The age of enlightenment marked a change in the understanding of economics, 
generally associated with Adam Smith’s idea of the invisible hand. Exploring the 
theoretical background, it is difficult to avoid David Ricardo, who, based on Smith’s 
arguments, laid the classical foundation of the current economic theory of trade in the 
early 19th century (Ricardo 1821). His “law of comparative advantage” suggests that 
trade occurring between two countries benefits both sides, even if one of them has 
no absolute advantage in providing a good or a service to the other. This is achieved 
by focussing on the provision of those goods on the market which are produced 
under comparatively preferable terms. “While more recent evidence on the Ricardian 
model has been less clear-cut [...] and few economists believe that the Ricardian 
model is a fully adequate description of the causes and consequences of world trade, 
its two principal implications – that productivity differences play an important role in 
international trade and that it is comparative rather than absolute advantage that 
matters – do seem to be supported by the evidence” (Krugman 2001 p.33ff). 

Balance of payments 

Even before the development of the classical trade theory, to which the ideas on the 
balance of payments were closely linked, the Mercantilist understanding of trade has 
been questioned. Hume (1987) argued that money supply needed to be in relation to 
the amount of goods owned. The accumulation of wealth in terms of gold and silver 
without an increasing amount of commodities would necessarily lead to inflation and 
reduced competitiveness due to higher costs for production factors. In consequence, 
the mediums of exchange, gold and silver, do not have an intrinsic value (Dittrich 
2010). These and associated arguments considerably influenced the interpretation of 
the balance of payment, shifting the aims towards a balance, which today still 
represents the mainstream understanding of the role of trade in a country’s economy. 
Under the leading role of the pioneer of industrialisation, the United Kingdom, a first 
era of globalisation happened in the 19th century. Trade activities increased, fuelled 
by fossil energy carriers and transportation infrastructure. In the case of the United 
Kingdom, along with rising exports in manufactured commodities, biomass imports 
dramatically increased from 1850 onwards, exceeding the domestic production in 
1890 (Krausmann et al, 2008b). Chang (2003) delivers an institutional perspective on 
the historical development, arguing that protective, interventionist policies played a 
crucial role for most developed countries in the 19th century to advance. Measures, 
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such as the protection of infant industries, had been applied especially by today’s 
free-market supporters, the United States and the United Kingdom.  

Theories of trade and transfer of commodities in the 20th century  

In the early 20th century, the historical economist Eli Heckscher and his student Bertil 
Ohlin further developed Ricardo’s ideas, into the H-O-Model, modelling international 
trade mathematically. Within the Heckscher-Ohlin-Theorem, one of the four 
underlying propositions is of particular interest, namely the one emphasising the 
factors of production (land and capital). The theorem suggests that countries tend to 
focus on the provision of those goods for which the production factors are locally 
abundant. “A country with a lot of capital and not much land will tend to produce a 
high ratio of manufactures to food at any given price, while a country with a lot of land 
and not much capital will do the reverse” (Krugman 2001 p.50).1  

The intensification of trade got interrupted in the 20th century, when, following the 
First World War, the global economic crises gave rise to an increased protectionism. 
Only in the second half of the 20th century, trade began to gain importance and an 
unpreceded rise of international trade flows began. “During the two decades after the 
Second World War, international trade expanded at its most rapid pace of the 
twentieth century” (Terborgh 2003). For the sake of economic growth, the reduction 
of trade barriers was placed on top of the agenda of international political 
negotiations in the post-world-war process of globalisation. The idea of free trade has 
been broadly supported by the industrialised countries, predominantly the United 
States. This is reflected in the establishment of institutions such as the General 
Agreement on Tariffs and Trade (GATT) and later the World Trade Organization 
(WTO).  

Specialisation of trade participants 

The advancement of trade theories emphasised rather specific aspects and trade 
was subject to a vast number of empirical studies. Of particular interest was the 
understanding of specialisation in the global division of labour. Hufbauer (1970), 
focusing on manufactured goods, distinguishes seven theoretical approaches to 

                                                

1 This theorem has been empirically challenged by the Leontief-Paradox. Wassily Leontief, applying 
input-output tables and aiming for empirical evidence, found that, in the case of the United States, this 
theorem could not be proved.  
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explain differences in the trade composition.2 While six of these highlight specific 
production factors (e.g. skilled labour, economies of scale, innovation and 
technological leadership), Linder’s hypothesis suggests that the consumption pattern 
of a nation is peculiar and countries with akin demand develop similar but 
differentiated industries. The emphasis of his study was the understanding of links 
between trade patterns and national attributes. ”In retrospect, it must be conceded 
that many different characteristics express themselves in export patterns. No one 
theory monopolizes the explanation of manufactures trade” (Hufbauer 1970, p.194). 
A differentiation of traded goods into different categories, each with a different type of 
comparative advantage, is suggested to be more promising and appropriate to 
explain trade patterns (Hufbauer 1970, Hufbauer and Chilas 1974). Goods based on 
availability of natural resources (e.g. fossil fuels, agricultural commodities) are 
referred to as “Ricardo goods”. Commodities applying a “standard technology” 
(clothing, steel, processed agricultural products) follow the appropriate factor 
endowments, thus referred to as “Heckscher-Ohlin goods”, and high-technology 
goods, where availability of knowledge and skills is a determining factor, could be 
associated with the dependency theory further below.  

1.3 Unequal exchange in an interdependent world 

This “win-win-situation-for-all”-hypothesis has been challenged from various 
perspectives, two of which are emphasised hereafter: a discussion of the general 
relationship between development and international trade and the contradictions of 
the neoclassical win-win-situation will follow, more specifically regarding international 
trade and its impact on the societal metabolism.  

Prebisch-Singer-Thesis 

The idea of unbalanced trade can be traced back to Adam Smith, who mentioned the 
possibility of imbalance between towns and the countryside, where the former 
appropriates the latter’s resources, arising out of different levels of wages and profits. 
Prebisch (1949, 1951) and Singer (1950) were among the first to prominently 
challenge the paradigm of a win-win situation from a developmental viewpoint. 
Although formulated independently from each other, their hypotheses are 
summarised as the Prebisch-Singer-Thesis. Emphasis was laid on the distinction 
between primary commodities and manufactured goods. Both are supposed to be 
                                                

2 Synopsis of Theories of International Trade (Hufbauer, 1970): (1) Factor proportions: Relative 
abundance of physical capital leads to export of capital-intensive goods; abundance of labor leads to 
export of labor-intensive goods. (2) Human Skills: Relative abundance of professional personnel and 
highly trained labor leads to export of skill-intensive goods; abundance of unskilled labor promotes 
export of goods requiring few skills. (3) Scale economy: Large home market is conducive to export of 
goods produced under increasing returns to scale; small home market is conducive to export of goods 
produced under constant returns to scale. (4) Stage of Production: Sophistication abets producers' 
goods exports; simplicity abets consumer goods exports, especially "light" consumer goods. (5) 
Technological gap: Early manufacture of new goods confers an export advantage; later producers 
must rely on lower wages or other static features to promote exports. (6) Product Cycle: Sophistication 
and early manufacture leads to export of differentiated goods; lack of sophistication leads to export of 
standardized goods. (7) Preference similarity: Trade is most intensive between countries of highly 
similar economic structure, least intensive between countries of very different economic structure. 
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characterised by significantly different price developments in the long term, leading to 
the argument that the net barter terms of trade3 are in favour of the manufactured 
goods.4 Thus, countries which export raw materials have to increase the physical 
amount of exports to compensate this relative decline in their terms of trade in order 
to maintain their demand for imported manufactured goods, mainly from 
industrialized countries (Toye et al. 2003). Empirical studies deliver a range of 
conflicting results that differ in relation to the applied time frame, commodity and so 
forth.5 Further the argument has to be critically reviewed from the perspective of 
resource scarcity and recent price developments of certain commodities, such as 
metals or crops. This general distinction into countries importing resource and 
exporting manufactures, suggested to be predominantly industrialised economies, 
and vice versa for the developing world has been widely applied. The Prebisch-
Singer-Thesis is closely linked to two other theoretical streams: The World Systems 
Theory and the Dependency Theory.  

World System Theory 

Wallerstein (1974a, 1974b, 1979) accentuated the historical progress of the world 
system, which is defined as a single, hierarchically structured system. Based on 
Marx’s theory of labour the wages level differences central to the core-periphery-
structure are and emphasized. Core and periphery, thus, are not seen as separate, 
interacting economic systems, but as fulfilling differing functions for the world system. 
Wallerstein argued that a world, which solely consists of a rich core and a poor 
periphery, would necessarily lead to a conflict rooted in this black-and-white-
structure. In consequence, he introduced an intermediate: the semi-periphery6, 

                                                

3 The terms of trade are defined as the ratio of export unit prices to import unit prices.  
4 Two interlinked hypotheses are postulated as explanations for these deteriorating terms of trade. A 
low income elasticity of the demand for raw materials leads to a surplus and consequently puts 
pressure on raw material prices, since technological change reduces the quantitative material input. 
The second hypothesis proposes differences in the functioning of labour markets between core and 
periphery, indirectly implying that poor countries export raw commodities, whereas rich countries 
export processed goods. Accordingly, technical progress and bargaining power have different effects 
on the income distribution. An increase in productivity with the production of manufactures is 
distributed rather equally among the factors capital and labour, where the bargaining power of the 
higher qualified labour force is suggested to contribute hereto. Contrarily, within raw material markets, 
technical progress is not passed on to the factor labour and results in lower prices, given the pressure 
of income elasticity mentioned above. (Pérez-Rincón 2006) 
5 “Terms of trade for commodity producers had a slight upward trend from 1870 to World War I, 
downward in the inter-war period, upward in the 1970s, downward in the 1980s and 1990s, and 
upward in the first decade of the new century. What is the overall statistical trend in the long run? 
Some authors find a slight upward trend, some a slight downward trend” (Frankel 2010, p.8). 
6 “In a system of unequal exchange, the semi-peripheral country stands in between in terms of the 
kinds of products it exports and in terms of the wage levels and profit margins it knows. Furthermore, it 
trades or seeks to trade in both directions, in one mode with the periphery and in the opposite with the 
core. And herein lies the singularity of the semi-periphery as opposed to both the periphery and the 
core. Whereas, at any given moment, the more of balanced trade a core country or a peripheral 
country can engage in, the better off it is in absolute terms, it is often in the interest of a semi-
peripheral country to reduce external trade, even if balanced, since one fo the major ways in which the 
aggregate profit margin can be increased is to capture an increasingly large percentage of its home 
market for its home products.” (Wallerstein 1974b, p.6) 
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which, through its possibility to exercise power over the periphery, increases the 
resilience of the hierarchical structure. Despite the strong orientation on the factor 
labour, access to inexpensive resources plays an important role for the ascent of the 
core as well as for the reproduction of its hierarchical position within the theory. 
Similarly to the Prebisch-Singer-Thesis a distinction between two different kinds of 
commodities can be found: “preciosities” and “bulk commodities”. The dependency 
theory, closely linked to Wallerstein’s assessment of the world system, centres the 
distinction between core and periphery upon the latter’s lack of technological 
autonomy and innovation.7 “The origins of the center-periphery relation are strictly 
technological and determined by the international division of labour. In other words, 
the centre produces manufactured goods for itself and the periphery and the 
periphery produces commodities mainly for the center, while maintaining a relatively 
large subsistence system.”  (Vernengo 2004, p.5) 

1.4 Societal Metabolism and trade 

Links between the Societal Metabolism and trade theories 

The natural environment has been slowly integrated into trade-related theories (e.g. 
Odum 1984). Similar to the general discussion of trade, two contrary positions on the 
interrelation between trade and environmental sustainability can be found.8 Trade-
related institutions and neoclassical economics suggest that trade actually reduces 
environmental pressures, due to an increased availability of financial resources for 
environmental investment, efficient location of production and the transfer of clean 
technologies. Critics propose that the export of pollution-intensive industries to 
countries with low regulation consequently leads to a “race to the bottom”. Despite 
opposing the so called “pollution heaven thesis”, the WTO admits the transfer of 
environmental impacts to the South potentially problematic. Their comparative 
advantages in resource-intensive industries results in a structural change in the 
international division of labour (Giljum and Eisenmenger 2004). Mainstream 
economic theories suggest a range of factors that influence the trade specialisation 
of countries (e.g. land, labour, technology). Natural resource endowment in its widest 
sense (soil fertility, availability of metals and fossil energy carriers, climate, etc.) is 
only one explanatory variable of a country’s trade pattern. Considering the orientation 
on cyclical flows of capital and factors of production (labour, capital, land) the natural 
environment is predominately understood as a somewhat alienated production factor 
providing resources and sink capacities. Material, energy and substance flows are 
solely regarded, if a monetary value can be assigned to these flows. At the gateway 
of society, inflows from and outflows to the natural environment are currently 
associated with comparatively small costs resulting from regulations such as taxes or 
concessions. Value addition is primarily generated within the societal system itself 
                                                

7 The dependency theory can further be divided into two dominating streams, proposing either internal 
or external factors as the underlying root of lacking progress. Despite differing arguments both share 
common positions, such as the opposition to the modernisation theory of stage development and the 
view that technological innovation is in the centre of attention. 
8 for a detailed theoretical introduction see Muradian and Martínez-Alier (2001), Giljum and 
Eisenmenger (2004) or Pérez-Rincón (2006) 
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through the processing of raw materials into manufactures, applying non-natural 
production factors, e.g. labour or technology. However, rising commodities prices 
(Jacks 2013) contribute to an increasing monetary relevance of resources. The 
understanding of economic processes in mainstream economics differs substantially 
from theoretical approaches in ecological economics and social ecology, for which a 
functionalist perspective has been suggested to be useful by various authors 
(Hornborg 1998, Rincón 2006, Rice 2007). “The concept of a dualist international 
division of labour developed by Prebisch and other authors (Singer and Wallerstein) 
can be easily extended to international ecological issues by using the analytical 
structure of EE (Ecological Economics) and, in particular, the social metabolism 
approach. […] Within this analytical framework, the international division between the 
centre and the periphery relates not only to the monetary trade of goods and capital, 
but also to the physical trade in which many Southern countries provide the material 
and energy requirements for Northern countries to develop their socioeconomic 
metabolism” (Pérez-Rincón 2006, p.521).  

The international division of labour  

Trade is of crucial relevance to the metabolism of industrial societies. Through the 
transfer of resources, societies can reduce their given spatial natural constraints, 
such as resource endowment, climate or soil fertility. The large-scale transfer of 
resources is an essential feature of the industrial regime. Contrary to the agricultural 
regime, the role of trade “is much more important today than in the 16th–18th 
centuries, when trade was in preciosities” (Pérez-Rincón 2006, p.520). “Specifically 
for MFA this means that the nation state as a unit of analysis for the material (final) 
consumption of its inhabitants (a material consumption for which we do not have any 
appropriate indicators yet), and the nation state as a territory where certain materials 
are extracted and transformed into commodities are drifting more and more apart, 
functionally and spatially” (Weisz et al. 2006, p. 57). The difference between 
production- and consumption-based viewpoints received growing attention in the 
scientific community as well as in the political sphere, through adding an additional 
perspective on the global division of labour (EEA 2013). The division of labour and 
the exchange of goods influence the metabolic profile of regions (e.g. regions 
specialised on the exploration and export of natural resources). The possibility to 
overcome the constraints of local resource availability is of particular interest in 
regard to resources of non-ubiquitous nature, such as fossil energy carriers and 
metals. The biophysical limits of these resources given, their distribution to satisfy the 
demand of the industrial system shapes today's prospective political and economic 
development.  

Empirical studies 

Empirical studies on the environmental impact of trade gained ground in recent 
decades. Based on the concept of unequal exchange, the imbalance of the 
international trade structure has been analysed from an environmental perspective, 
applying methods of physical accounting and environmental-economic modelling. 
“Several studies found empirical evidence for increasing externalisation of 
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environmental burden by industrialised countries through trade and increasing 
environmental intensity of exports of non-OECD countries9. These findings become 
particularly relevant, as the externalisation of environmental burden through 
international trade might be an effective strategy for industrialised countries to 
maintain high environmental quality within their own borders, while externalising the 
negative environmental consequences of their consumption processes to other parts 
of the world10” (Giljum et al. 2008; p.5). Due to the lack of data, empirical studies 
focused on specific flows, environmental issues, industries or regions. “Very few of 
them, though, take a systemic perspective of the economy-environment relationship 
and explain environmental results as a consequence of the biophysical metabolism 
of societies” (Giljum and Eisenmenger 2004, S.4).   

                                                

9 see, for example: Ahmad and Wyckoff (2003); Atkinson and Hamilton (2002); Giljum (2004); Giljum 
and Eisenmenger (2004); Machado et al. (2001); Muradian et al. (2002); Nijdam et al. (2005); Peters 
and Hertwich (2004, 2006, 2008); Schütz et al. (2004) 
10 see, for example: Ahmad and Wyckoff, 2003; Giljum and Eisenmenger, 2004; Muradian and 
Martinez-Alier, 2001; Tisdell, 2001; Weisz, 2006 
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METHODS AND DATA 

1.5 Material Flow Analysis – an introduction 

“Economy-wide MFA and balances provide an aggregate overview, in tonnes, of 
annual material inputs and outputs of an economy including inputs from the national 
environment and outputs to the environment and the physical amounts of imports 
and exports. The net stock change (net accumulation) is equal to the difference 
between inputs and outputs. Economy-wide MFA and balances constitute the basis 
from which a variety of material flow based indicators can be derived” (Bringezu and 
Schütz 2001, p.15). MFA is now highly standardised. The Statistical Office of the 
European Union (Eurostat 2007b, 2009 and 2012) provides a methodological 
guidebook with standard classifications of materials and recommendations for data 
compilation. The input-output framework defines two system boundaries for a 
national economy. 1) Extraction of primary materials from and discharge of waste 
and emissions to the natural environment, and 2) the transfer of commodities into the 
national economy, defined by its territorial borders (import and export).  

 

Figure 1: Material Flows Analysis and its main Indicators 
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At the most aggregated level, matter extracted from the natural environment is 
distinguished in fossil fuels, metals, non metallic minerals and biomass. In contrast to 
the domestic extraction, trade includes commodities at different stages of production. 
Traded goods are, if clearly attributable, allocated to a specific material group, e.g. 
wheat flour to biomass, ships to metals. Traded goods for which this is not possible 
are summarised under “other products”, which consist of further processed products 
of unknown material composition that are not attributable to one specific material 
group. In the process of extraction, MFA distinguishes used and unused extraction. 
“The term “used” refers to acquiring value within the economic system” (Eurostat, 
2007a, p.12), although not necessarily in a monetary way. Also extraction for 
subsistence needs or biomass grazed by livestock has an economic value even 
though it has no price. Unused domestic extraction refers to those materials that are 
extracted from the environment without the intention of using them and thus treated 
as affected by human activity but not entering the economic system (e.g. overburden 
from mining, soil erosion, dredged materials from construction activities, by-catch 
from fishing, harvesting losses). The retention time of resources within the societal 
systems can vary from a few days to hundreds of years. Carbon-based materials, 
biomass and fossil energy carriers tend to go fast through society (typically less than 
one year), metals and construction minerals remain longer and get accumulated in 
the societal stocks (e.g. buildings). Despite the general consideration and high 
materiality of socioeconomic stocks (e.g. artifacts, human population, animal 
livestock) within this understanding, MFA depicts economic activities exclusively in 
terms of flows.  

1.5.1 MFA Indicators 

A broad set of indicators are applied within MFA, which can be distinguished into four 
categories: Input indicators, consumption indicators, output indicators and efficiency 
indicators. Figure 1 illustrates the conceptual framework and its main indicators. Air 
and water are due to the substantial size of these flows usually not accounted for in 
MFA. In this study the data on Domestic Material Consumption (DMC) and the 
Domestic Extraction (DE) from a global MFA database (Krausmann et al. 2009, 
Schaffartzik et al. forthcoming) are used to link trade flows to other MFA indicators.  

Matthews et al (2000) compiled one of the first comprehensive material flow accounts 
for five industrialised countries: Austria, Germany, Japan, The Netherlands, United 
States (see Table 1). To provide a rough picture of the size and variance of six main 
indicators, a summary of the empirical results for 1975 and 1996 is given below. 
Despite similar income levels, the size of flows varies quite substantially between the 
nations. This is particularly true for export and unused extraction. Activities in the 
extractive sector (e.g. coal mining in United States and Germany) contribute to vast 
amounts of unused flows.  
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Table 1: Range of MFA-indicators (in mt/cap) for five industrialised countries (source: 
Matthews et al. 2000) 

 

1.5.2 Methodological shortcomings 

The framework comes along with strengths and weaknesses (for an overview see 
Moll et al 2003). In regard to trade flows, two, partly linked, methodological 
shortcomings are relevant, since both contribute to the uncertainties embedded in the 
results: reductionism on weight and indirect flows associated with traded 
commodities.  

Reductionism on mass 

The reductionism on mass is considered one of the most important weaknesses of 
MFA as an analytical instrument in general. One tonne of gold is associated with 
much higher environmental impacts than one tonne of bulk material such as sand or 
gravel. Flows of certain materials, such as precious metals or toxic substances, 
contribute significantly to environmental pressure at the global and / or local level, but 
are inconsiderable within MFA, due to their low physical mass.11 This criticism is 
especially valid for a MFA of trade, where processed products, with diverse 
environmental effects up the value chain, are of higher relevance than in the MFA of 
a nation. Recent efforts emphasise the integration of qualitative aspects into the 
approach (e.g. linking life cycle assessment to material flows) and consequently 
deriving an environmentally weighted instrument. Voet et al. (2004, p.133ff) 
summarise: “Top scoring materials are biomass from agriculture (both vegetable and 
animal), iron and steel, aluminium, concrete and cement, some of the plastics, and 
some of the more bulky heavy metals. Despite all uncertainties, the top 20 ranking 
status of these materials will probably not change. […] The mass flow of an individual 
material is not indicative of its environmental pressure, either absolute or compared 
with other materials. On a more aggregate level of groups of materials, mass-based 
and impact-based indicators appear to point in the same direction. At the least, 
therefore, the relevancy of the mass-based indicators cannot be dismissed easily.”12 

                                                

11 „Per kilogram of material, precious metals are by far the most polluting materials. Overall, they do 
not score highly because the flows are small.“ (Van der Voet, 2005, p.133) 
12 A summary of the results published by Voet et al. (2004) can be found in the Annex (see Table 9 in 
the Annex). 
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Further, objectivity and measurability are advantages for the use of mass-based 
indicators in environmental impact assessment.  

Indirect trade flows 

Indirect effects are of special methodical importance to trade flows, since some 
environmental impacts of extraction and processing do not cross the customs, but 
have an impact in the exporting country. Two different types of indirect flows have to 
be considered, which are related to the system boundaries of MFA (see above): 
unused indirect flows (often referred to as hidden indirect flows) and used indirect 
flows, meaning used DE associated with the production of the traded commodities. 
Various approaches were developed to estimate indirect flows and thereby address 
this elementary weakness of MFA. The ecological rucksack13 based on the Material 
Intensity Analysis (Schmidt-Bleek 1994, 1998) includes both, used and unused 
extraction. Raw Material Equivalents (RME) have been calculated for a variety of raw 
materials and semi-manufactured products, applying life cycle assessment (e.g. 
Ritthoff et al, 2002). More recently estimates of RMEs based on environmentally 
extended Input-Output-Tables gained importance. Bringezu and Schütz (2006) 
estimated the indirect flows associated with the imports of the European Union to 
range from 15 to 20 t/cap/y in the period from 1988 to 1997, equal to 40% of 
Europe’s Total Material Requirement (TMR). The amount of imported metals, in 
particular precious metals, and energy contributed roughly 80%. Indirect flows are 
associated with high uncertainties. Recent efforts increased the availability of 
empirical results and the understanding on the applicability of different approaches 
(for an overview and empirical findings see Schoer et al. 2012). However, to allow for 
a precise analysis on indirect flows within an analysis of global trade flows, the 
availability of data is still unsatisfactory. Therefore, only direct flows are taken into 
account within this study.  

Limitations of quantifying the environmental impact of commodity transfer 

To analyse the environmental impact of commodity transfer is an even more complex 
task. The interaction of society with its natural environment through economic 
processes influences the latter directly and indirectly in substantially differing ways. 
Rockstrom et al. (2009) point out eight, partly linked, planetary boundaries: climate 
change, land use, biodiversity loss, freshwater use, phosphorus cycle, nitrogen cycle, 
ozone depletion, and ocean acidification. The methods of impact assessment applied 
in Life-Cycle Analysis (LCA) distinguish different sets of environmental problems and 
indicators. Furthermore, the impact of resource exploration and production of 
manufactures depends on a broad set of regionally varying factors, ranging from the 
respective ecosystem and legislative standards to the applied technology. In contrast 
to the indirect flows above, data on these determinants are even more specific. Thus, 
spatially inclusive and comprehensive data is far from being available. Drawing 

                                                

13 Definition: “The total sum of all materials which are not physically included in the economic output 
under consideration, but which were necessary for production, use, recycling and disposal. Thus, by 
definition, the ecological rucksack results from the life-cycle-wide material input (MI) minus the mass 
of the product itself“ (Spangenberg et al. 1998, p. 15)  
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conclusions on environmental impacts based on physical trade flows has to be done 
with caution.  

1.5.3 Classification of material  

The classification of material flows is standardised and differentiates different levels 
of aggregation. At the highest level (1-digit-level) trade flows are classified in five 
different groups of materials: biomass, metals, non-metallic minerals, fossil energy 
carrier and an aggregate for “other products”. The former four categories include 
primary as well as processed products which are clearly attributable to the respective 
material group (by their main material component). At a more precise level (3-digit-
level), data on 47 material groups is available (see Table 2). These groups differ 
significantly in terms of traded mass and associated monetary flows. While five 
groups would be too undifferentiated to indicate trends of important resource flows, 
47 could easily lead to a rather confusing image. In order to provide the reader with a 
detailed but clear breakdown of different material groups, an intermediate level of 
aggregation has been chosen, In this study twelve aggregates have been defined 
based on their first and foremost physical but also monetary relevance (see Table 2). 

A distinction of commodities into different groups can be found in a broad range of 
trade-related discourses. Despite the lack of a homogeneous, clear definition of 
resource clusters and the high level of aggregation, a discussion and distinction of 
material groups is of certain importance when interpreting the results. The 
differentiation of raw materials, often associated with high ecological rucksacks, and 
processed manufactures, considered to be favourable in international economic 
relations, plays a particularly important role in the theories of Unequal Exchange and 
the World System Theory”. The high level of aggregation at the 3-digit-level hinders a 
clear distinction between raw materials and processed products and does not allow a 
detailed assessment of developments. However, to give a very rough estimate, a 
simple proxy has been calculated. Processed products are defined as the aggregate 
of the three digit MFA material groups products from biomass (MFA code: 1.9.), 
metals (MFA code: 2.3.), non-metallic mineral (MFA code 3.10.) and fossil energy 
carriers (MFA code: 4.6.) and other products (MFA code: 5.) (see Table 2). “Other 
products” and “products mainly from metals” are of particular interest due to their 
high economic importance.  

Apart from the classification of resources that are common in MFA, other 
characteristics could be valuable for the analysis and interpretation of the dataset. 
Weisz et al (2006, p. 57) distinguish two broad categories of material: “a) industrial 
minerals and ores, of rather low relevance in mass but associated with high and 
divers environmental impacts; b) non toxic bulk material, with their associated 
environmental impact correlating to their magnitude of use.” Further point resources 
(fossil energy carriers, metals and industrial minerals) are often highlighted, due to 
their regional scarcity. In this context the differentiation between renewable and non-
renewable resources is important. Point resources are largely or exclusively non-
renewable and essential for the industrial metabolism.  
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Table 2: Classification of commodities, data sources and availability (see section see 
section 3.2. Data sources and 3.3.3 Uncertainties and consideration) 
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1.6 Data sources 

Data has been collected for 155 countries based on the political reality of 1970 and 
excluding most small islands and city states. In all periods, these countries covered 
more than 99.6% of the world’s population. The treatment of territorial changes will 
be outlined briefly here after. Data on 26 countries, that emerged from the 
dismantling of larger states during the observed period, has been collected 
separately, if available. In the results, however, these will be aggregated to their 
political belonging in 1970, namely the following five former states14: UDSSR, Former 
Yugoslavia, Former Czech Republic, Former Ethiopia (incl. Eritrea), and East and 
West Pakistan. Apart from these, Belgium and Luxembourg are reported as an 
aggregate in some datasets and therefore are treated as one territory. The former 
GDR is not covered as a separate state but subsumed with the BRD under Germany. 
Trade flows have been compiled for a time frame of 35 years, covering the following 
points of time: 1970, 1980, 1990, 2000, and 200515. In order to compile a 
comprehensive dataset on global trade, various international databases have been 
used (see Table 2). The physical data, the core of the study, has been retrieved from 
United Nation Statistical Division (UNcomtrade, UNenergy), the database of the UN’s 
Food and Agricultural Organisation (FAO), and OECD’s International Energy Agency 
(IEA).  

1.6.1 Physical trade flows 

Biomass 

All biomass trade flows have been retrieved from the United Nations’ Food and 
Agricultural Organization (FAO). Data availability, in terms of covered countries and 
commodity groups, within the FAO’s databases is generally more comprehensive 
compared to other sources. The primary source has been the dataset of 
FAOTradeSTAT16 (FAO 2009a). For wood, primary and processed, FAOTradeSTAT 
only contains trade flow data on rubber and gum. To compensate this gap, FAO’s 
specialised database ForesSTAT17 (FAO 2009b) has been used. Furthermore 
FAOTradeSTAT contains no trade flows for “fish capture, crustaceans, molluscs and 
aquatic invertebrates primary and processed” (1.6). Data on these trade flows has 

                                                

14 UDSSR: dissolution in 1991; Yugoslavia: broke apart in various steps from 1991 onwards, 
independence of Montenegro (2006) and Kosovo (2008) happened after observed period; Former 
Czech Republic: dissolution in 1993; Eritrea: independence from Ethiopia in 1993, Bangladesh: 
independence from Pakistan in 1971 
15 Because of the lacking data for 2005 at the time of compilation on the material group “Fish capture, 
crustaceans, molluscs and aquatic invertebrates primary and processed” (3-digit-level code: 1.6.), 
data from FAO SUA/FBD for 2003 has been used.  
16 Data in FAOTradeSTAT is available from 1962 onwards covering trade flows on 440 items and 183 
countries. The record for 2005 comprises 562 commodities and 198 countries. Except for live animals, 
which were reported in heads in 2000 and 2005, the FAO TradeSTAT-database reports all trade flows 
in monetary units and by weight (kg).  
17 Records are available from 1962 onwards. Country coverage for imports increases in the observed 
period from 132 to 221, for exports from 104 to 210. Trade flows are reported either in weight or 
volume. All records reported in volume have been converted into weight applying the following 
conversion factor: 1 [cum] = 0,6 [mt] 
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been retrieved from FAO’s “Supply Utilisation Accounts and Food Balances 
domain”18 database (FAO 2009c).  

Fossil energy carriers 

To compile data on fossil fuels trade records of three different sources have been 
used. 19 Trade data published by the International Energy Agency (IEA 2007a, IEA 
2007b) has been the primary source. Lacking data on various non-OECD countries 
have been complemented with data retrieved from the United Nations Energy 
Database20 (United Nations 1985, 1993, 2007). Records on many “products mainly 
from fossil energy carriers” are not available in both databases. Hence, UNcomtrade 
data has been used (see below). Data availability on peat (4.5.) is generally poor, but 
of rather low relevance in trade compared to other fossil materials. Data is generally 
published in metric tonnes, only records for natural gas are stated in TJ.21  

Metals, minerals, fossil energy carriers and other products  

The United Nations Commodity Trade Statistics Database (United Nations 2009a), 
publishing data since 1965, has to be considered the most comprehensive global 
trade database.22 Not all data are reported in mass units. Data reported in volume 
has been converted into metric tons (see Table 10 in the Annex). Records lacking 
data on volume or weight have been estimated by multiplying monetary export flows 
either with the national import/export prices of neighbouring years or with the globally 
weighted average price per ton, a procedure also suggested by Dittrich (2010).23,24 

Further, the results were screened for flawed data, which frequently occur in 
particular for net weight data. In case of prices differing significantly from the 
weighted global average, (a factor of 10 was used as a threshold), the reported mass 
has been estimated as described above. Adjustments have been done 
conservatively and only when flows were of significant importance within the 
commodity group. Import and export flows of low physical importance, were not 
adapted. While in the first 2 datasets (1970, 1980) approximately 20 records of a total 
of 32,573 that have been adjusted, later datasets (1990, 2000, 2005) required around 
60 adjustments each. Total records increased to slightly above 50,000 from 1990 
onwards. Overall, trade flows for which values were estimated or corrected range 

                                                

18 Records are available in metric tons from 1961 onwards. At the time of data collection, trade 
statistics were only available until 2003, which has been used for the dataset 2005. In the observed 
period the coverage increases from 153 up to 172 countries. 
19 IEA statistics provides data on 132 countries in all periods. 
20 UNenergy provides data on 47 countries not covered by IEA in all periods. 
21 The following conversion factor has been applied: 1 [TJ] = 20 [mt]. 
22 The database contains records on trade flows in monetary and physical terms comprising roughly 
180 commodity groups in the SITC 3-digit classification. Data availability in terms of country coverage 
is relatively low compared to the other datasets (1970: 113 countries; 1990: 112 countries; 2005: 161). 
23 Solely in one case the arithmetic mean has been applied. 
24 Estimated uncomtrade trade flows / reported uncomtrade trade flows: 1970: 9,7%; 1980: 8,1%; 
1990: 13,0%; 2000: 9,0%; 2005: 1,0% (note that estimated uncomtrade trade flows includes estimates 
for records lacking mass data in general as well as for records with apparently flawed data) 
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from 1% (2005) to 13% (1990) of all trade flows in mass. Only few countries provided 
multiple inaccurate records within one year.25 

1.6.2 Monetary and socio-economic data 

Physical data is supplemented by monetary and various socio-economic indicators. 
While material flows have been compiled using four different international statistical 
databases, monetary data has solely been retrieved from the UNcomtrade database 
(United Nations 2009a), which reports in current prices. To ensure comparability of 
all datasets current prices have been converted into constant prices (US Dollar 1990) 
by using a monetary deflator (see Table 12 in the Annex). For this purpose world 
GDP data in both, constant and current prices, has been downloaded from “National 
Accounts Estimates of Main Aggregates”-database of the United Nation Statistical 
Division (United Nations, 2009b). Data on the Gross Domestic Product (GDP) has 
been downloaded from United Nation Statistics Division (United Nations, 2009e). 
Population data and land area have been downloaded from FAOSTAT (FAO 
2009d).26 Eurostat (2007a) proposes the use of the Total Material Requirement in 
analogy to the GDP Gross Domestic Product (GDP). However, a global dataset is not 
available. Thus, the Domestic Extraction (DE) at the global level and the Domestic 
Material Consumption (DMC) at the country level have been used as proxies to 
quantify the size of a country’s economic activities. Data on the Domestic Material 
Consumption has been received as well from the global material flows database 
maintained at the Inst. of Social Ecology (Schaffartzik et al. Forthcoming). Data on 
Global Extraction has been received from the global material flows database 
maintained at the Inst. of Social Ecology (Schaffartzik et al. Forthcoming). The 
relation of extraction and commodities trade at a global level can, theoretically, serve 
as an indicator for “trade intensity” of a material. The higher the proportion of 
commodity trade is in contrast to domestic extraction of the corresponding material 
group, the more important is trade. However, a comparison of these two flows calls 
for caveats. While resources can only be extracted once, goods can be transferred 
passing various customs. The transit of commodities through countries can lead to 
double counting of goods. The effect of double-counting is expected to be low, 
except for the UNcomtrade database.27 Further extracted resources entering the 
societal system are in some form processed before being exported. Thus, the traded 
commodity differs, more or less, from its extracted form. The material group “iron 
ores and concentrates” for example can comprise of a range of products of very 
different processing depth from ores and ore concentrate with different iron ore 
grades to steel and steel products. For petroleum, natural gas or some biomass trade 
flows, where processing has less impact on the mass flow, the differences between 

                                                

25 Relevant countries with questionable datasets: 1970: none; 1980: Algeria; 1990: Poland, Mexico, 
Malta; 2000: Syria (almost every item had to be adjusted), Mexico; 2005: India, Mexico 
26 Missing data on Serbia-Montenegro has been collected from the United Nations World Population 
Prospects (United Nations 2009c). 
27 IEA statistics do not include import and export related to transit. The effect of double-counting trade 
flows in FAO statistics depends on the countries’ reporting format. The majority of countries, in 
particular from Europe and Latin America, report according to the “special trade system”, which does 
not include transit trade flows. The United Nations recommend countries to document trade flows 
according to the “special trade system”. An overview on the countries is not available. 
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what are probably far smaller. Therefore, the relation of extraction and trade can be a 
meaningful indicator for some commodities. Trade flows of metals have further been 
compared to the global production statistics. Data hereon retrieved from U.S. 
Geological Survey (USGS 2013). 

A long list of socio-economic factors could be thought of to cluster countries: Weisz 
et al (2006) summarise a number of factors possibly influencing the size of Domestic 
Material Consumption (DMC) per capita: “The magnitude of trade, the stage of 
economic development, the standard of living, resource endowment of a country, 
population density, climatic conditions, macro-economic structure, natural 
productivity, the structure of the energy and the agricultural system are among the 
factors which influence the level of DMC per capita.” In order to group countries to 
homogenous clusters, three factors have been considered: geographic location, 
developmental status and the level of exports of primary commodities (in particular 
fossil fuels and iron ores). Five regional clusters are distinguished: Africa/Asia28, Asia, 
Northern America and Oceania, Europe, and Latin America. Standardised 
classifications on the developmental status have been published by the United 
Nations (Human Development Index) and the World Bank (Atlas Method). The 
chosen classification (Industrialized Countries, Developing Countries, Transitional 
Economies, Least Developed Countries) has been adopted from Krausmann et al 
(2008a) and is based on the UN country and region classification. Transitional 
economies and least developed countries are characterised by a low availability of 
data. The former have been included in the cluster of Industrialised Countries, the 
latter in the cluster of Developing Economies. 

The role of resource-trade is fundamental to the Prebisch-Singer Thesis and the 
World System Theory. Therefore, a separate treatment of economies exporting point 
resources is aspired and two additional clusters of countries have been defined: 
Point resource exporting Industrialised Countries and Major Oil exporting Countries. 
Four industrialised countries with significant net exports of point resources have been 
identified, based on their physical trade balances: Australia, Canada, Sweden and 
Norway. Major Oil exporting Countries are characterised by rather different trade 
flows, which, for the sake of identifying clear patterns, will be treated separately as 
well. Here, 15 countries are included: current, temporary and later OPEC-members29 
and two countries with a strong focus on fossil fuels exports: the Oman and Nigeria. 
Except for Angola, all countries within this cluster are classified as developing 
countries. 

 

 

 

                                                

28 Due to the limited availability of data for African countries, these have been merged into Africa/Asia, 
including data primarily on Magreb states and the Near East.   
29 OPEC Members (year of accession): Islamic Rep of Iran (1960), Iraq (1960), Kuwait (1960), Libya 
(1962), Qutar (1961), Saudi Arabia (1960), United Arab Emirates (1967), Bolivian Rep of Venezuela 
(1960), Algeria (1969) and Indonesia (1962-2009). Temporary and later OPEC Members (period of 
membership): Ecuador (1973-1992, again since 2007) and Gabon (1975-1992), Angola (2007) 
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1.7 Further methodological aspects 

1.7.1 Formulating a representative data sample  

The generated dataset to a certain extent represents a “patchwork” of data 
considering time, countries, commodities and trade direction (import / export) 
reflecting the differences in coverage across different sources and time periods. This 
is especially true for the UNcomtrade database that contributes roughly one third of 
the compiled data in terms of mass and all monetary data; the other used sources 
have a more constant coverage. For the industrialised world, Latin America and 
various big emerging economies, such as India, Indonesia and so forth, data 
coverage is very good. On the contrary, Africa, the Middle East and most Least 
Developed Countries often have missing or incomplete records. The lack of either 
import or export data could have a significant impact on trade balances of a country. 
Missing data for certain periods would blur temporal dynamics. Lacking country or 
material group data could have a significant effect on the socio-economic pattern of 
clusters described below. Evaluating global patterns of physical trade with the full 
dataset could lead to misleading interpretation.  

In order to use as much of the gathered data as possible as well as to ensure a 
consistent analysis, only countries with sufficiently complete datasets or negligible 
gaps were selected for further analysis. For 65 countries data from 1970 to 2005 is 
sufficiently complete, including all industrialised countries apart of South Africa (25 
countries), 30 developing economies, three transitional economies and only four 
countries classified as least developed by the United Nations. Fossil fuels play an 
important role in the international transfer of goods. 11 “Major Oil exporting 
Countries”, mainly OPEC Members, provide insufficient data but contribute large 
amounts of petroleum, mainly to the industrialised and emerging economies.30 For 
these countries only information on trade with biomass commodities and fossil 
energy carriers has been available for one or more years. Nevertheless, they have 
been included in the Selected Country Sample. Missing data on monetary trade flows 
associated to petroleum trade have been estimated by multiplying reported mass 
trade flows with the average export price of the other OPEC-Members. In some years 
the estimated figures are of high relevance.31 Also China has been included, despite 
lacking UNcomtrade data on trade flows for 1970 and 1980, yet, we expect Chinese 
foreign trade to be rather insignificant in these years due to hardly existing 
international relations. An overview for the Selected Country Sample of 74 countries 
can be found below (see Figure 2). 

The selected countries represent more than 75% of the world’s population and 
roughly 90% of the global economic activity in terms of GDP. Despite the declining 
population coverage, an increasing contribution to the global GDP can be observed, 
reaching 93% in 2005. The question arises, in how far the Selected Country Sample 
deviates from all the data collected for 155 countries, referred to as All Reporting 
                                                

30 Major oil exporting countries with lacking data: Islamic Rep of Iran, Iraq, Kuwait, Libya, Oman, 
Qutar, Saudi Arab, United Arab Emirates, Angola, Gabon. Their share of physical exports in petroleum 
(incl. Nigeria): 1970: 55%; 1980: 48%; 1990: 38%; 2000: 34%; 2005: 33% 
31 Estimated monetary flows in % of all petroleum trade flows: 1970: 29%, 1980: 12%, 1990: 21%, 
2000: 2%, 2005: 9% 
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Countries. Compared to this, the Selected Countries Sample covers on average 89% 
of all physical import and export flows and 96% of all monetary trade flows (see 
Table 3). The rising gap between the Selected Countries Sample and All Reporting 
Countries Sample, peaking in 2005, can be attributed to two aspects: improved 
country coverage in international statistics as well as to a greater relevance of 
countries not included in the country sample. Moreover, total imports exceed exports 
considerably. Export data is considered to be more reliable than data on imports, 
which can partly explain inconsistencies. Furthermore, this indicates that the 
aggregate of countries not covered – i.e. African and Least Developed Countries - 
are considerable net exporters and supply the covered, mostly emerging and 
industrial economies with resources. However, most of them hardly participate in 
international trade. Two countries which are not included in the Selected Country 
Sample have to be highlighted: The USSR and its successor states and South Africa. 
Both each have around or more than 50 Million inhabitants and represent 5.1% of the 
world population in 2005. They are both countries that export natural resources. Their 
share in physical trade flows of “all reporting countries” grew from 5.4% (1970) to 
14.0% (2005). This almost entirely explains the gap observed between all reporting 
countries and the Selected Country Sample. The low price per ton of bulk resources 
imported from outside the Selected Countries Sample (e.g. fossil energy carriers) 
leads to a higher impact on the physical statistics than the monetary.  

  

Table 3: Selected Country Sample and two countries not considered (The Former 
USSR / South Africa) compared to All Reporting Countries: physical and monetary 
trade flows, population and GDP of the Selected Country Sample and two countries 
not considered (The Former USSR and South Africa) in % of All Reporting Countries  
(source: see section 3.2. data sources) 
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Figure 2: Overview of the Selected Countries Sample and those countries of All 
Reporting Countries not considered due to lacking data 
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1.7.2 Physical and monetary trade balances  

Trade Balances represent a valuable analytical tool to analyse the trade relation of a 
system (e.g. nation state, city, cluster of countries) with its economic environment, 
displaying the “net effect” of in- and outgoing trade flows. Trade balances in 
monetary and physical terms are calculated in a diametrically opposed way. The 
physical import of resources is accompanied with an outflow of money and vice 
versa. Physical imports exceeding exports lead to a physical trade surplus (net 
imports), exports exceeding imports lead to a deficit (net exports). Monetary imports 
exceeding exports lead to a monetary trade deficit (net imports), exports exceeding 
imports result in a monetary surplus (net exports). The interpretation of physical and 
monetary trade balances forms an essential part of the interpretation of results. 

• Physical Trade Balance (PTB) = Imports – Exports (in t) 

• Monetary Trade Balance (MTB)  = Exports – Imports (in $) 

The selected countries do not represent a closed system, but are in economic 
relations with countries that are not included in the sample (Rest of the World, ROW). 
Trade flows for the Rest of the World cannot be estimated reasonably from the given 
data. In order to integrate the countries not represented in the analysis, a proxy Rest 
of the World has been calculated. Since there is no extraterrestrial trade, all trade 
balances have to equalise each other at a global level. Based on the assumption that 
all the gaps in the physical and monetary trade balances can be attributed to trade 
flows with countries not represented in the data sample, trade balances for the 
aggregate Rest of the World can be calculated. The most important countries here 
are South Africa and the Territory of the Former USSR (see Table 3). Data on total 
global export and import deviate from one another32. The net effect of this difference 
is also “swallowed” by the calculated ROW reminder and this has to be kept in mind 
when interpreting these data (see section 3.3.1).  

• Monetary Trade Balance Rest of the World (RoW) = (Exports selected 
countries sample – Imports selected countries sample) * -1 

• Physical Trade Balance Rest of the World (RoW) = (Imports selected 
countries sample – Exports selected countries sample) * -1  

In absolute figures the result of trade balance on its own is in some cases of limited 
explanatory power. Whether a surplus or a deficit represents 1% or 20% of the total 
trade flows of a country makes an important difference. Relating the surplus / deficits 
to other indicators delivers valuable estimates for the relative size of the observed 
trade flows. The following ratio is calculated to estimate the relevance of a surplus / 
deficit for a country or a cluster of countries. The values can range from -100% (e.g. 
a country is the single provider of a commodity) to 100% (e.g. a country appropriates 
all exported resources from other countries). 

• Ratio PTB surplus or deficit / total physical trade flows33 (in %) of the country or 
a cluster of countries 

                                                

32 Ratio exports / imports (All Reporting Countries): 1970: 103,4%; 1980: 102,2%; 1990: 100,3%; 
2000: 101,6%; 2005: 102,0% 
33 Total trade flows = (imports + exports) / 2 
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• Ratio MTB surplus or deficit / total monetary flows (in %) of the country or a 
cluster of countries 

1.7.3 Uncertainties and consideration for the interpretation  

The results have to be interpreted with some care and it is important to keep the 
main limitations and uncertainties of the data in mind:  

Direct Flows: In this thesis, solely direct trade flows are considered, associated 
indirect flows further up the value chain are ignored. Global trade flows are physically 
still dominated by primary or only slightly processed goods, such as biomass, metals 
and petroleum products. Effects of indirect flows cannot be estimated reasonably, 
some findings can, however, be implicitly deduced from the detailed composition of 
trade flows.   

Classification: Records of the used databases have been classified to the 
corresponding MFA material category, as far as possible. Especially for data 
retrieved from UNcomtrade, a clear classification according to material composition is 
only possible to a limited degree. This leads to a certain bias and is reflected in the 
gaps within the MFA. At the 3-digit level, data in mass is available for 37 out of 47 
commodity groups and for 31 in monetary terms34. To give an example: the compiled 
data indicates no trade flows on the commodity group salt (MFA code: 3.7.). This 
does not mean that there is no trade within this commodity group nor that data is not 
available, but that data on the trade flows of salt at this level of aggregation is not 
available separately and therefore attributed to another commodity group.  

Availability of data: While on an aggregated level, the impact of missing data is 
typically small, yet, the picture on the country-level may be blurred considerably. This 
is particularly valid for missing physical and monetary data on the OPEC member 
states, Gabon and Nigeria.  

Quality of data:  Data quality has been roughly tested by comparing import and 
export flows. The monetary data have additionally been crosschecked with aggregate 
monetary trade data for the Selected Country Sample from the International 
Monetary Fund. The fact that there are hardly any differences hereto suggests a high 
data quality. The impact of these differences presented above on the results can be 
regarded negligible. To give a rough indicator for the quality of UNcomtrade, data has 
been compared with the collected data on biomass and fossil fuels, retrieved from 
FAO, IEA and UNenergy. Biomass35 and fossil fuels36 data, retrieved from alternative 

                                                

34 Additionally to the physical gaps (see Table 2), no data is attached to the following material 
categories: Roots and tubers, primary and processed (1.1.2.); Pulses, primary and processed (1.1.4.); 
Nuts, primary and processed (1.1.5.); Crop residues (1.2.); Fodder crops (1.3.1.); Fish capture, 
crustaceans, molluscs and aquatic invertebrates primary and processed (1.6.). These categories 
account all together for 1.5% of all trade flows in weight, of which the latter represents roughly two-
thirds hereof. Further, brown coal (4.1.) and hard coal (4.2.) are not distinguished within Uncomtrade. 
Thus, available data has been assigned to hard coal (4.2.). For uranium and thorium (2.2.8.), no value 
data for imports exist in 1970 and 1980. 
35 FAO data in % of UNcomtrade data: 1970: 127.1%; 1980: 123.5%; 1990: 114.0%; 2000: 110.5%; 
2005: 101.8% 
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sources, exceed UNcomtrade data in each year. Despite high differences at the 
country-level, the relative deviation for biomass constantly shrunk from 27.1% in 
1970 to 1.8% in 2005. Considering the fossil fuel related exchange of commodities, 
deviation of different databases declined from 17.3% in 1970 to 0.4% in 2005. The 
highest deviation has been observed for 1990 (see Table 4). Further data availability 
and quality precious metals (including gold, silver and platinum) and the commodity 
group uranium and thorium, accounting together for less than 0.01% of the total 
physical trade flows in 2005, is rather low. This is especially true for precious metals, 
which, characterised by high hidden flows, contribute significantly to the Total 
Material Requirement of importing countries (see Bringezu et al. 2006 for the case of 
the European Union).  

Different sources for physical and monetary data: In order to merge the most reliable 
datasets for the MFA of trade, physical data from various sources have been 
merged, while monetary data has been solely retrieved from the UNcomtrade 
database. Inconsistencies between different databases can lead to inconsistencies 
between monetary and physical data, in particular considering fossil fuels and 
biomass.  

Aggregation to material groups: The high level of aggregation subsumes 
commodities with different properties (e.g. the stage of processing, indirect 
environmental impacts, applied technology). Thus, depending on the commodity, 
interpretation of results is subject to various limitations. A MFA on trade enables to a 
fairly precise interpretation of bulk material trade (e.g. fossil fuels, biomass), while 
flows for processed goods (e.g. machinery, electronic consumer goods) or precious 
raw materials (e.g. precious metals) have to be treated with caution.  

Global extraction versus traded commodities: In contrast to the Domestic Extraction 
of resource trade include processed product (e.g. of copper in Chile). This limits the 
explanatory power of the relation between extraction and trade flows and hinders 
drawing conclusions on the absolute relevance of trade within a commodity group. If 
the properties of traded goods were similar at a global level the comparison of 
extraction in the course of time would still be traceable. Within a commodity group, 
goods at different stages of processing are summarised. The interpretability of the 
relation of extraction and trade flows depends on the homogeneity within each 
commodity group. A comparison of extraction and trade is only meaningful for certain 
commodities with typically low processing depth due to the high level of aggregation.  

Clustering of countries: Clustering different countries of different size could lead to 
generalise interpretations, which are true only for the biggest countries in the cluster 
which dominates the average of the group. Country-specific results will additionally 
be addressed individually.  

                                                                                                                                                   

 

36 IEA / UNenergy data in % of UNcomtrade data: 1970: 117.3%; 1980: 125.9%; 1990: 129.4%; 2000: 
110.0%; 2005: 100.4% .Since data on „products mainly from fossil energy carriers“ (MFA code 4.6) 
have been retrieved from UNcomtrade, these have not been included in the comparison. 
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Time Intervals: While from 1970 to 2000 the interval between each dataset is 10 
years, the last interval is only five years. This has to be considered to avoid 
overestimating trends.  

1.8 Research questions  

Only a few studies exist that focus on physical trade flows and the social metabolism 
of global trade. The few existing studies focus on specific countries and often short 
time periods. Only one study has explored global physical trade flows so far. Dittrich 
(2010) compiled a global dataset, covering the time period from 1962 to 2005. 
Hence, the goal of this study is, first of all, to provide a detailed quantitative picture of 
global trade flows including the size of monetary and physical flows and their origin 
and destination. Furthermore, the availability of such a comprehensive set of data 
should deliver insights on the theories of trade and political economy from a socio-
ecological perspective. Research questions can therefore be derived into two 
perspectives, a data- and a discourse-orientated one. Various perspectives have to 
be considered while defining the underlying research questions. These, including the 
applied analytical instruments and indicators, will be outlined, discussed briefly and 
set into a structural framework hereafter.  

 (1) Aggregated global trends: This descriptive introduction into the results focuses 
on the general development of global trade flows. The increased importance of trade 
has been emphasised as one of the most significant post-war developments in 
international economics. The question arises whether and in how far this is reflected 
in the quantitative data on physical trade flows. Aggregated physical and monetary 
indicators will be compared to the development of socio-economic parameters, such 
as material extraction, global population growth, and the aggregated GDP. Further, 
the results shall be compared to (Dittrich, 2010) and the discrepancies will be 
discussed. 

→ Index of 5 indicators 1970-2005: total physical trade flows, total monetary 
trade flows, global Material Extraction, GDP, and population 

(2a) Material composition: The issue of material composition of aggregated trade 
flows can be reduced to three main questions: Which commodities dominate the 
global exchange of goods? How did these flows change within the observed period? 
And finally, how large are trade flows relative the extraction of primary resources? 
Furthermore the GINI-coefficient of import and export flows will be calculated to 
investigate whether trade flows are more evenly distributed among the considered 
countries in 2005 than in 1970.  

→ The absolute relevance of material aggregates: relevance = (import + export 
of selected material) / total imports + total exports  

→ Relative change: ∆ relevance = relevance 2005 of selected material / 
relevance 1970 of selected material  

→ Ratio of trade flows to global extraction 

→ GINI-coefficient of export and import trade flows in physical and monetary 
terms per material group (3-digit level) 

 (2b) Regional Perspective: To conclude the descriptive introduction, the material 
perspective shall be further evaluated from a geographical perspective. Regional 
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origin and destination for 31 material aggregates will be illustrated and, again, 
discussed from the viewpoint of temporal change, focussing on 1970 and 2005. To 
connect this with the functional perspective, PTBs of 4 regional aggregates will be 
discussed.  

→ Net imports and exports of four regional aggregates for 31 commodities at the 
3 digit level  

→ Regional PTBs of 4 regional aggregates  

(3) Functional Perspective: International trade and the appropriation of resources 
play a crucial role in the discourse on the international division of labour. In order to 
establish links between physical trade and socio-economic characteristics, countries 
will be clustered into homogenous groups. The role of resource-trade is fundamental 
to the Prebisch-Singer-Thesis and the World System Theory. Despite its limitations, 
the given datasets can be linked to these paradigms. The interpretation of data is 
focused on trade in point resources within the PTB and manufactures in the MTB. To 
understand the international division of labour, countries are classified according to 
their different trade patterns. 

→ PTBs  and MTBs of 4 country clusters 

→ Comparison of absolute and relative trade balances at the country level 
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RESULTS 

1.9 The big picture: a global perspective 

Physical trade flows 

In order to gain insights on the dynamics at the most aggregated level, trends in 
trade flows, both physical and monetary, are discussed and the development of trade 
patterns is put in relation to major socio-economic variables: population, global 
Material Extraction37 and GDP. All indicators (monetary and physical trade flows, 
domestic extraction, population, GDP) show rising trends in the observed period. 
However, significant differences can be observed considering the magnitude of 
dynamics and the temporal development (see Figure 3). Aggregated physical trade, 
always calculated as the sum of imports and exports divided by two38, flows rose 
from 5.6 (1970) to 16.0 Gt/y (2005). The 182% increase in trade flows is significantly 
larger than the growth in material extraction (119%). The proportion of physical trade 
flows to domestic extraction, the physical trade openness39, increased from 10% in 
1970 to 13% in 2005. Thus, the surge of trade flows cannot solely be explained by an 
increased societal appropriation of resources i.e. in terms of growing material input 
into the economic system. Population growth declined continuously and is far below 
the growth rates of trade flows. On a per capita basis, trade flows rose by 64% from 
2.0 t/y to 3.2 t/y. This is significantly higher than the increase of material extraction 
per capita by 27% (from 9.5 t/y to 12.1 t/y). Despite both variables, material 
extraction and population growth, are supposed to contribute to the rising trade flows, 
they cannot fully explain the disproportionate surge.  

Monetary trade flows 

Monetary flows (measured in constant 1990$) have increased by 597% to 13.4 bn $ 
in 2005. This is much greater increase than in physical trade flows. Consequently, 
the monetary value per unit of mass flow has increased: equating 0.84 $ per kg in 
2005 (1970: 0.34$). The relation of monetary trade flows to the development of all 
economic activities (GDP) fortifies the suggested increased relevance of trade. The 
trade openness increased sharply from 9% to 22%. In contrast to physical trade 

                                                

37 Note that data for extraction is a global aggregate, thus not aligned to the selected countries.  
38 Imports and exports should equalise each other at a global level. However, the collected data 
indicate differences between reported import and export figures. Since import and export figure refer 
to the same flow aggregated trade flows and total trade flows are always calculated as the sum of 
imports and exports divided by two.  
39 The ratio monetary trade flows to GDP is used in economic science as standard measure for Trade 
Openness (e.g. Frankel and Romer, 1999; Warziarg and Welch, 2003). The Trade Openness is 
calculated as: [(Import + Export)/2] / GDP. Its physical counterpart is defined as the relation of physical 
trade flows to resource extraction. The Physical Trade Openness is calculated as: [(Import + Export)/2] 
/ Material Extraction. At the country-level the usage of the Domestic Material Consumption, which is 
equal to the Material Extraction at the global level, or the Total Material Requirement seems more 
useful.  
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flows, growth in monetary trade flows decelerated considerably in the period from 
1980 to 1990. The highest growth can be observed between 1970 and 1980, when 
monetary flows for fossil fuels and manufactures surged. Apart of the increased mass 
of traded goods, this dramatic surge can be partly attributed to the mentioned 
increase in the relative value ($/kg) of traded goods by 147%. The impact of both 
driving forces is not at all distributed equally between each time period. From 1970 to 
1980, the relative price of all traded goods increased by 82%, hereafter only by 35%. 
From 1980 onwards the increase of traded mass flows mainly contributed to the 
surge of monetary trade flows. Increased relative value can have multiple causes, 
such as a general shift in trade to higher valued goods, increases in raw material 
prices or proportional growth of demand.  

Figure 3: Development of trade flows and main socio-economic indicators 1970-2005 
(source: see section 3.2. data sources) 

 

A comparison to Dittrich (2000) 

Dittrich (2010) represents so far the only comparable MFA of global trade flows 
covering multiple periods in time. Hence, a comparison with these results is of 
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special interest. Dittrich has chosen a somewhat different methodological approach. 
She recognises the problems with UNcomtrade data, but uses information on 
bilateral trade flows and data on the most detailed level to correct the flaws and 
missing data, instead of using alternative data bases like FAOSTAT and IEA. Data 
gaps in comtrade have been filled by using monetary values and average price of 
commodity groups, similarly to this MFA. Dittrich calculated estimates at the 5-digit-
level, as far as possible. This should lead to more precise results, since goods are 
more homogenous at this level. The effect of this cannot be estimated reasonably. 
Dittrich did not consider the rising number of reporting countries, thus only a 
comparison with all reporting countries is reasonable.  

Despite these differences a comparison indicates that both trade MFAs produce very 
similar results (see Figure 4). In physical terms Dittrich’s data deviates hereof on 
average by 4%. For 1970 Dittrich calculated the physical trade flows to be 13% lower 
than in all reporting countries, in 2005 they exceeded by 3%. Her MFA indicates a 
significantly higher accentuated growth in physical trade flows from 1970 to 2000. 
Although retrieved from the same source, monetary results40 from Dittrich (2010) are 
on average 8% higher. Lacking a comment on the treatment of monetary flows, the 
reasons for the differences are subject to speculations. Some methodical aspects 
shall be discussed in more detail to evaluate underlying reasons for the observed 
deviations for physical trade flows.  

The usage of different sources for fossil fuels and biomass, accounting together for 
roughly two thirds of physical trade flows, is most important distinction between both 
datasets. Data from alternative sources for biomass and fossil energy carriers 
exceed the reported data in UNcomtrade in each year. These differences can partly 
explain the gap between Dittrich and All Reporting Countries from 1970 until 1990, 
but not here after (see Table 4).  

Table 4: Difference of trade flows between UNcomtrade and alternative sources 
in kt/y (source: see section 3.2. data sources)41 

                                                

40 Note that monetary data in Dittrich (2010) has been transformed to constant prices applying the 
same GDP deflator as for this MFA 
41 Note that in this study aggregated trade flows have been calculated by dividing the sum of imports 
and export by two. Thus, when comparing the results of Dittrich (2010) with the data prepared for this 
MFA, the observed differences have been divided by two as well in order to make them comparable.  
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In Dittrich’s study there are only few tables with precise figures, limiting the 
opportunities to explore possible explanations for deviating data in detail. A 
comparison of the 10 biggest importing and exporting countries in 1970 and 2005 
indicates deviations above 10% for 25% (1970) and 40% (2005) of the reported 
figures (see Table 13 in the Annex). This is particularly true for China and Malaysia, 
where large differences in trade flows can be observed. The trade data for China in 
2005 represent the most significant difference, where Dittrich suggests export trade 
flows three times as high as in the data prepared for this MFA. A possible error can 
be tracked down when looking at the detailed trade flows within the UNcomtrade 
database, where exports amounting to 832,000 million litres (that is around 1000 
litres per capita!) in the commodity group non alcoholic beverages, nes (commodity 
code 111) are suggested. Since associated monetary trade flows are comparably low 
(0,4 bn $), the physical quantities given are highly questionable and have been 
corrected by applying the average import price of Chinese imports. This calculation 
estimates the exports within this commodity group at 700 Mt/y. This would almost 
entirely explain the gap between both MFA-datasets. Yet, no indication for the 
differences in Malaysia’s import data can be found. According to Dittrich, who 
crosschecked data at random, apparently flawed data has been adjusted as well, but 
are as an exception only of limited relevance at the aggregated level. On the 
contrary, the example of China suggests that apparently flawed data can have a 
significant influence on the trade flows at the aggregated level. More than 200 further 
adjustments have been made when crosschecking the UNcomtrade data quality for 
this study. Despite the fact that the effect of most adjustments is far below the 
example of Chinese non-alcoholic beverages above, it can arguably be suggested, 
that their effect is, apart of the different sources, the main explaining variable.42  

1.10 Trade flows by material groups  

1.10.1 Composition of trade flows and global extraction  

This section takes a more specific perspective on trade flows and explores global 
trade by different material groups. Mass flows of certain material groups are 
compared to the corresponding flows of material extraction and to monetary trade 
flows. The development and interpretation of trade depends significantly on the 
applied unit for a quantitative assessment - physical or monetary. To provide a more 
detailed picture physical and monetary trade flows for twelve distinctive material 
groups are shown in Figure 4 below (see Table 2 for details on the twelve 
aggregates). A detailed table with data for all 47 material groups can be found in the 
Annex (see Figures 14-17 in the Annex). For 31 commodities43, the regional 
distribution of nets imports and exports are summarized (see Figure 5) to indicate net 
importing and exporting regions. While one material group’s share in total trade flows 
represents its absolute physical relevance compared to other resources and goods, 

                                                

42 Furthermore, Dittrich calculated estimates for some commodity groups of minor importance, if no 
physical data at all is available. Data on these flows has been neglected within this study. The effect of 
this should be below 1% of total trade flows. 
43 Commodities of low relevance have not been included.  
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the ratio of trade flows and extraction data delivers insight on the relevance of trade 
within the group of commodity itself (see Table 5). The temporal development of 
these indicators, especially commodities deviating from the general trends, can 
reflect relevant changes in the utilisation of certain resources, the global production 
system and the role of trade.  

Figure 4: Composition of global physical and monetary trade flows (source: 
see section 3.2. data sources) 

 

Physical trade flows 

With more than half of global material exports, fossil fuels account for the largest 
share of global trade flows (2005: 51.3%, 1970: 58.2%), followed by metals (2005: 
18.4%; 1970: 17.3%) and biomass (2005: 16.5%, 1970: 14.1%). Minerals (2005: 
9.5%, 1970: 8.5%) and “other products” (2005: 4.3%, 1970: 1.8%) are of minor 
importance in terms of mass. Interestingly, the share of the five main material groups 
in total trade flows hardly changed within the 35 years observed. Only physical trade 
in other products significantly sheered out, rising almost 6-fold from 1970 to 2005. 
From a temporal perspective, an increased growth from 1990 onwards is observable. 
This surge can be attributed to a large extent to rising commerce of main bulk 
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materials (petroleum, iron ores, natural gas, coal, oil-bearing crops, timber incl. pulp 
and paper) and manufactures gaining importance.  

Global extraction  

The composition of global extraction differs from the trade flows. Global inputs from 
the natural environment rose from 27.3 Gt/y in 1970 to 57.8 Gt/y in 2005. 
Construction minerals (36.5%), biomass (33.2%) and, to a lesser extent, fossil fuels 
(20.8%) account for more than 90% of the global extraction in 2005. Ores (7.8%) and 
industrial minerals (1.8%) are, in terms of quantitative inputs, of lower relevance. 
Construction minerals rose significantly above and biomass below average in the 35 
years observed. Data on the global extraction is available only for some commodity 
groups at the 3-digit-level. A comparison with trade flows shows that the proportion of 
trade flows to Global Extraction increased for most commodities, for which data is 
available (see Table 5). In particular, petroleum and iron ores are commodity groups, 
where a high proportion of the extraction is traded.  

 

Table 5: Trade flows compared to Global Extraction and production (source: see 
section 3.2. data sources) 

∆ trade flows 
– ∆ Global 
Extraction 

1970 2005 1970-2005 1970 2005

Total Biomass 3.4% 6.9% 164.7%

  1.1. primary crops 5.9% 9.8% 138% - -

  1.5.1. Timber, primary and processed (incl. pulp and paper) 16.8% 39.7% 184% - -

Metals

  2.1. Iron ores and concentrates, iron and steel 51.0% 66.2% 132% 91.0% 128.0%

  2.2.1. Copper 0.47% 0.69% 250% 57.0% 88.9%

  2.2.2. Nickel 0.40% 0.38% 140% 51.1% 51.4%

  2.2.3. Lead 2.59% 3.92% 54% 32.7% 65.8%

  2.2.4. Zinc 2.92% 4.05% 198% 22.3% 41.0%

  2.2.5. Tin 0.18% 0.37% 57% 70.9% 147.4%

 2.2.7. Aluminium 6.0% 14.9% 514% 36.0% 82.9%

 2.2.9. Other metals 43.6% 46.5% 111% - -

Fossil Energy Carriers

  4.1.+4.2. Coal (4.1. Brown coal incl. oil shale and tar sands + 4.2. Hard coal) 5.4% 11.4% 202% - -

  4.3. Petroleum 62.6% 68.3% 16% - -

  4.4. Natural gas 3.8% 21.8% 1261% - -

Minerals

 Minerals Industrial Use

  3.6. Chemical and fertiliser minerals 30.6% 29.5% -7% - -

 Minerals construction use 1.6% 1.8% 41% - -

  3.2. Limestone, gypsum, chalk, and dolomite 12.4% 35.7% 527% - -

Trade flows compared to Global Extraction and Production

Ratio: Trade flows 
/ Global 

Extraction

Ratio: Trade flows 
/ Global 

Production
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Monetary Trade Flows 

Monetary trade flows show a different composition and dynamic over time. The 
composition of monetary flows is dominated by metals (2005: 46.1%, 1970: 42.6%) 
and other products (2005: 22.5%, 1970: 17.1%) in 2005. In contrast to the mass 
flows, in monetary terms, the significance of fossil energy carriers was overall lower 
but it increased over time from 14.4% in 1970 to 19.2% in 2005. The monetary 
relevance of biomass (2005: 9.8%, 1970: 22.5%) more than halved, the relative 
prices even decreased. In monetary terms non-metallic minerals are the least 
important group at this level of aggregation (2005: 2.4%, 1970: 3.3%).  

The relative prices of 36 material groups at the 3-digit-level increased on average by 
142%. The lowest values can be observed for hard coal (0.06 $/kg), oil bearing crops 
(0.09 $/kg) and limestone, gypsum, chalk and dolomite (0.09 $/kg). High economic 
values are particularly common for metals, where the three commodities with the 
highest relative prices can be found: gold, silver, platinum and other precious metals 
(51.82 $/kg), nickel (11.64 $/kg) and, most importantly, products from metal (11.64 
$/kg). While the relative price only more than doubled for petroleum and natural gas, 
it declined for 22 material groups (see Table 16 and 17 in the Annex). This is 
particularly true for biomass commodities, where the relative price for cereals shrunk 
by 20% and for oil bearing crops even by 60%. 

Concentration of trade flows 

In the observed period various economies increase their participation in the global 
exchange of goods. The country-wise distribution of traded commodities in terms of 
concentration or dispersion is a perennial discussion in trade discourses. The 
process of globalisation implicitly suggests a de-concentration of imports and 
exports, due to a higher participation of more and more countries over time. 
Specialisation represents one of the two suggested reason why countries trade 
(Krugman, 1999), implying a contrary view. An attempt to explore this, is to measure 
the grade of concentration of demand (import flows) and supply (export flows). For 
this purpose the GINI-coefficients44 for trade flows at the 3-digit-level are calculated 
for two periods, 1970 and 2005. Regardless of which dimension, whether direction of 
flows (import, export), physical or monetary data, the GINI-coefficients declined at the 
aggregated level, based on the median of all commodities (see Table 6, for details 
see Table 19 in the Annex). This indicates that the trade flows in 2005 were more 
evenly distributed among the participating nations than in 1970 - whether imports or 
exports, in physical or in monetary terms. Physical trade flows are slightly more 
concentrated than monetary flows, and export flows more than import flows. This we 
would expect, because of the uneven distribution of certain key resources e.g. oil 
which are exported by few but imported by many countries. The GINI-coefficient of 
physical exports declined disproportionately, accentuating its role as the most 

                                                

44 The GINI coefficient is a measure to calculate the statistical dispersion. Its value can range from 0 to 
1. 0 means values are evenly distributed among all (e.g. every countries exports / imports the same 
amount of a commodity) and 1 all values are concentrated on one (e.g. one country is the only 
importing or exporting country). Note that order to minimize the effect of lacking data the „Major Oil 
Exporting Countries“ have not been regarded in this calculation.  
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concentrated trade flow. This contributed to a rising difference between physical and 
monetary export GINI-coefficients from 1970 to 2005.  

 

Table 6: Median of GINI-coefficients for 33 materials groups (source: see section 3.2. 
data sources)  

1.10.2 Fossil fuels 

Physical trade flows 

Exploitable deposits of fossil fuels are unequally distributed underneath the earth’s 
surface. Trade is the only opportunity for countries lacking sufficient reserves to feed 
the energy requirements of their (industrial) metabolism. Fossil fuels are the 
dominant source of primary energy, in particular for industrialised countries and for 
economic development. Globally, aggregated fossil trade flows increased with 149% 
below the global average of 182% of total trade flows. Still petroleum accounted for 
the majority of trade flows in 2005 (51%). The developments varied within the 4 main 
commodities: petroleum, coal, natural gas and products mainly made from fossil 
materials, such as organic chemicals, lubricants or plastics.  

Albeit its leading role, the relevance of petroleum (1970: 86% of trade in fossil energy 
carriers; 2005: 65%) shrunk significantly, accounting for one third of total global trade 
flows in 2005 compared to 50% in 1970. Despite rising importance of processed 
petroleum products (e.g. heavy fuel oil, gasoline, diesel, kerosene, naphtha), trade in 
crude oil is still dominating this material group. In 2005, crude oil exports were more 
than twice as high as those of derived products. Petroleum is the commodity, where 
the highest proportion of global extraction is traded (1970: 63%; 2005: 68%). The 
relative decline of petroleum has been partly compensated by other fossil energy 
carriers. Natural gas surged tremendously (1970: 2% of trade in fossil energy 
carriers; 2005: 12%), with trade flows multiplying by a factor of 14 from 1970 to 2005, 
while production not even tripled. This is reflected in the ratio of trade flows to global 
extraction, which rose from 4% in 1970 to 22% in 2005. Coal (1970: 10% of trade in 
fossil energy carriers; 2005: 16%) celebrated a perpetual revival, reaching an 8% 
stake in global trade flows in 2005. Similar to gas the demand for coal as an energy 
source increased dramatically. The traded share of global extraction is lower (1970: 
5%; 2005: 11%) than for petroleum and natural gas. Products mainly made of fossil 
energy carriers (1970: 2% of trade in fossil energy carriers; 2005: 8%), mostly 
organic chemicals and plastic materials, virtually doubled in each period, reflecting 
the steadily increasing applicability and usage of petrochemical commodities. The 
tendency that processed products are of increasing significance in physical trade 
flows can be observed for all material groups.  

1970 2005 1970 2005

Import 0.76 0.68 0.74 0.67

Export 0.81 0.78 0.79 0.71

Gini-Coefficient (Median of 33 Material Groups)

in physical terms in monetary terms
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Monetary trade flows 

Fossil energy carriers, accounting for 51% of all physical trade flows, are, due to their 
disproportionate economic value, responsible for only 19% of monetary flows. In 
1970, relative prices for petroleum and natural gas have been lower than in any other 
period, resulting in a disproportionate growth until 2005. The relative prices (in $/kg) 
of the 4 main commodities - petroleum, natural gas, coal and derived products - all 
peaked in 1980. The effect of the suddenly increasing prices is most obvious in the 
this year, when trade in petroleum suddenly jumped to from 9% to 20% of total 
monetary trade flows, driven by the oil price peaks following the Iranian revolution in 
1979 and the arousing armed conflict with neighbouring Iraq.  

Regional and other aspects 

Fossil fuel trade from the Major Oil exporting Countries to industrialised and 
increasingly emerging economies represents the most important transfer of goods in 
terms of mass. In 1970, roughly half of the global petroleum exports have been 
shipped to Europe. 35 years later, Asia is the biggest net importer, followed by 
Northern America and Oceania. Europe and Asia are further the dominating net 
importing regions for natural gas and coal. The Russian Federation turned the 
biggest provider of natural gas, overtaking the Middle East in terms of net trade 
flows. Roughly 80% of the exported natural gas was consumed in Europe, the rest 
almost entirely in Asia. This concentration of natural gas imports is reflected in the 
highest GINI-coefficient of the different fossil energy carriers. The three biggest coal 
exporting countries of 1970 - The United States, Poland and the Former USSR - 
were replaced over time by Australia, Indonesia and China. A trend barely reflected 
in the regional trade balance. For coal the highest export GINI-coefficient can be 
found. In 2005, Australia was responsible for more than one third of exports of the 
Selected Country Sample. The ratio of traded mass to production volumes increased 
steadily for all three major fossil energy carriers although at different levels. While the 
physical trade flows of natural gas and coal represent approximately one fifth of their 
global production, the ratio of two thirds for petroleum points out a far higher 
relevance of trade.  

1.10.3 Biomass  

Physical trade flows 

In contrast to fossil fuels, trade in biomass based commodities grew by 229%, thus, 
increasing above the average of total global trade flows (182%). The increase in 
trade exceeded the proportional increase of biomass extraction in each period. Thus, 
the transfer of biomass has become more important. In absolute terms, trade flows 
amounted to 1.3 Gt in 2005, equal to 6.9% of the global biomass extraction (1970: 
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3.4%)45. Timber, cereals and oil bearing crops, represent the majority of biomass 
trade flows in 2005. Together they account for roughly two thirds of all biomass 
related trade flows in all periods. Global production of biomass extraction differs quite 
substantially from physical trade figures. The individual commodity groups were 
subject to distinctive developments. Various commodities significantly deviate from 
the average growth46. Oil bearing crops, pulses, dairy products, nuts, vegetables and 
meat outgrew the biomass average significantly, while live animals, other products 
from animals, fish, crop residues and fibres became less important in a 
disproportional manner.  

Forestry products47 remained the single most important material group within 
biomass (2005: 30.0% of trade in biomass; 1970: 30.7%) and also the group of which 
the highest share of DE goes into exports. It is necessary to differentiate between 
industrially used wood and wood fuel. While in terms of extraction the latter is of 
slightly higher relevance in all periods (1970: 57,1%; 2005: 54,1%), trade with wood 
fuel is negligibly small, representing only 2,4% of timber trade in 2005. Trade in 
timber more than tripled, yet the global extraction rose merely by 36%. In 
consequence, the traded share of extraction rose. In 1970, trade flows were equal to 
17% of global extraction. In 2005, already 40% of all harvested wood was exported. 
Trade in primary crops (1970: 25.6% of biomass trade flows; 2005: 20.2%) is 
dominated by cereals and oil bearing crops. Data on global extraction is solely 
available at this level of aggregation. Both, global extraction (104%) and trade 
(242%), grew faster than trade with forestry products. In 1970, trade flows 
represented 6% of global extraction and nearly 10%, in 2005, far less than for 
forestry products. Cereals (2005: 20.2% of trade in biomass; 1970: 25.5%)48 are 
characterised by an increase below average, hardly growing from 1980 onwards. 
Wheat and maize account for roughly two-thirds of cereal mass trade in 2005. While 
the share in biomass trade flows of cereals has fallen by 5%, commerce in oil bearing 
crops (2005: 14,7% of trade in biomass, 1970: 8,1%)49 are almost six times as high in 
2005 compared to 1970. Soybean-based commodities account for nearly two thirds 
of trade flows here within. Vegetables and fruit (1970: 6.2% of trade in biomass; 

                                                

45 „Taking upstream requirements into account would make the full importance of trade visible. The 
aggregate conversion efficiencies for agricultural biomass and especially for livestock products 
indicate that upstream biomass requirements are – on average – by a factor 4-10 larger than the mass 
of the traded product. For example, in the global average the ratio between primary input of 
agricultural biomass and final output of agricultural products is 4.7 with a range between 2.4 in South 
Eastern Asia and 8.2 in Latin America. These low conversion efficiencies are also responsible for the 
fact that DBC and final consumption of biomass differ considerably. Adjusting trade flows according to 
their primary harvest equivalents would thus significantly increase the size of trade flows compared to 
domestic biomass flows in a region“(Krausmann et al. 2008b, p.20). 
46 Significant deviation is defined as: ∆ commodity growth > ∆ total biomass trade flows * 1.5 or ∆ 
commodity growth < ∆ total biomass trade flows / 1.5  
47 Pulp and paper account for roughly 45% of mass trade flows within the commodity group 1.5.1. 
(Timber, primary and processed incl. pulp and paper) in 2005. 
48 Wheat and maize account for roughly two-thirds of mass trade flows within the commodity group 
1.1.1. (Cereals, primary and processed) in 2005 
49 Soybeans account for more than 60% of physical trade flows. Further palm oil and rapeseed 
represent relevant commodities, traded in relevant amounts.  
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2005: 7.7%)50 slightly increased their share within the biomass trade flows. Albeit 
decelerating growth from 1980 onwards, the products from biomass (1970: 3.5% of 
trade in biomass; 2005: 6.7%)51, mainly beverages including alcohol, but also 
diversified goods, such as cigarettes, were subject to the strongest relative growth, 
increasing by 523%52. On the contrary fish and other maritime products (1970: 9.2% 
of trade in biomass; 2003: 6.2%)53, animals and animal products (1970: 7.2% of trade 
in biomass; 2005: 5.7%)54 and sugar crops (1970: 4.5% of trade in biomass; 2005: 
4.0%) increased below the average of biomass trade flows. The other commodities 
that have not been mentioned are rather negligible in terms of weight (1970; 5.0% of 
trade in biomass; 2005: 4.9%).  

Monetary trade flows 

Despite its slightly increased share in physical terms, the share of biomass trade in 
total global trade, measured in monetary terms, more than halved from 1970 to 2005. 
After peaking in 1980 at 0.62 $/kg, the relative price of biomass commodities 
declined to 0.50 $/kg. Considering the commodities that are significant in terms of 
mass flows only relative prices of timber, of which a high share of extraction is 
traded, slightly increased, while the oil-bearing crops lost 60% in relative value. This 
is contrary to the development of agricultural prices from in the last century (see long-
time price for various agricultural commodities in Jack 2013)  

Regional and other aspects 

Two regions provide the vast majority of biomass net exports: Northern America and 
Oceania, dominating the cereal exports, and, increasingly, Latin America, in 
particular through the trade with oil bearing crops. The regional net exports and 
imports for primary crops and oil bearing crops are far larger than for forestry 
products. The inter-regional transfer of these commodities is therefore of 
disproportionate relevance. Furthermore, both, cereals and oil bearing crops are 
characterised by the highest difference between export and import concentrations in 
2005. Few nations provide a broad range of net importing countries within these 
commodities. The rise of the Brazilian and Argentinean soy industry is clearly 
reflected in these figures, where Latin America exported almost 70 Mt/y of oil-bearing 

                                                

50 The composition is far more diverse than within cereals and oil bearing crops. Tomatoes and onion 
represent roughly one-third of international vegetable trade in 2005. Bananas, oranges and apples 
(including juices) account for approximately 45% of fruit trade flows. 
51 Beverages represent more than 50% of physical trade flows in 1.9. products mainly from biomass.  
52 Import and export aggregates of products mainly from biomass diverge from each other in 
FAOtradeSTAT. The high figures of net imports by the Rest of the World might be caused by low 
quality data.  
53 Note that at the time of compilation data on this commodity group has only been available for 2003, 
and not for 2005. 
54 Chicken represent with 30% of physical trade flows the most important commodity in 1.8.2. meat 
and meat preparations. Cow milk and processed products hereof represent the most important 
commodities in 1.8.3. dairy products, birds eggs, and honey. Tallow accounts for one-fourth of trade 
flows in 1.8.4. other products from animals (animal fibres, skins, furs, leather etc.).  
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crops. Europe remained the major demanding region. Northern America and Oceania 
and, increasingly, the Former Territory of the USSR are the world’s most important 
net providers for forestry products. Contrary to the general trend, the export 
concentration of timber rose from the relatively low GINI-coefficient of 0.59 in 1970 to 
0.75 in 2005. Supplying the world with biomass products has become generally a 
Latin American stronghold. Net exports of fish from Peru and Chile are accompanied 
by a rising net demand in Asia, most importantly by Japan and China. No other 
country comes even close to the Brazilian net export figures in sugar crops, 
amounting to almost 17 Mt/y or one third of the global sugar exports in 2005. The 
trade balances of Asia and Northern African/Middle East are characterized by rising 
net imports in cereals and oil-bearing crops, both exceeding the slightly decreased 
net imports of Europe in 2005. Further Asia’s timber net imports tremendously 
increased from 1990 onwards. 



 - 45 - 

 

Figure 5: Regional PTBs of 31 commodity aggregates for 1970 and 200555 
(source: see section 3.2. data sources) 

                                                

 
 
55 Figure 5 includes the following ratio as a rough indicator for the role of trade within a material group: 
net imports + net exports*(-1) / total trade flows (in %). If the summarised net imports and exports of 
different country clusters are low in contrast to the total trade flows, then the commodities are rather 
equally exchanged between the regional country clusters. The higher the percentage the more one-
directional are the trade flows. 56 in metric tons (t) metal content  
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1.10.4 Metals 

Physical trade flows 

Similar to fossil energy carriers the availability of and accessibility to metals is crucial 
for the process of industrialisation and the maintenance of an industrial regime. The 
significance of this material group in terms of pure mass flows is relatively low. In 
1970 as well as in 2005, the share of metals in global extraction amounted to only 
7.8%, whereof less than a fourth of the total mass flow (1970: 23.1%; 2005: 20.6%) is 
the economically valuable metal content. The share of metals in total trade flows rose 
slightly from 17.3% in 1970 to 18.1% in 2005. Trade flows in metals tripled in the 
observed period increasing slightly faster than total trade flows. The aggregate other 
metals and lead are the only metal commodity groups at the 3-digit-level rising 
significantly below the average. Aluminium and products of metal, including important 
manufactures such as vehicles, machinery and ships, and are contrarily 
characterized by an accentuated disproportionate growth (see Table 18 in the 
Annex). Apart from iron ores, metals are introduced into the industrial metabolism in 
low quantities. A comparison of ore extraction with trade in ores and metals is 
difficult, above all because trade data subsume ores of different grade, concentrates, 
pure metals and manufactured metal products, while extraction data refer to 
extracted ore. The relation of trade flows compared to global extraction data, thus, 
provides only vague tendency. Trade flows of all metals, except for nickel, rose 
disproportionately to global extraction. The high ratio of trade flows compared to 
global extraction for iron ores (2005: 66%) and other metals (2005: 46%) indicates a 
high relevance of trade for these commodities. However, the ore grade of non-ferrous 
metals has to be considered when interpreting the low ratio of trade flows to global 
extraction (e.g. for copper, nickel, tin). Therefore trade flows have as well been set 
into relation with global production data56 (see Table 5). In 2005 the values (trade 
flows / global production) ranged from 41% to 147%, pointing out, again, the high 
relevance of trade for all metals.  

Roughly two-thirds of trade flows can be attributed to iron ores and steel (1970%: 
80.0% of trade in metals; 2005: 69.9%), which mainly serves the production of steel. 
Here within iron ore and concentrates account for more than 50%. Net exporting and 
importing regions did not alter much. Australia, Northern and Latin America provided 
Europe and Asia with large amounts of ores and metals. In 2005, only two countries, 
Brazil and Australia, exported 486 Mt/y, almost half of the global exports. The surge 
of Asia’s resource accumulation is reflected in the import statistics, where 3 Asian 
countries are responsible for nearly half of the global iron ore imports in 2005, 570 
Mt/y in figures (China: 27%, Japan, 12%, Republic of Korea 6%). From 1990 
onwards trade in iron ores increased sharply. While exports in iron ores concentrated 
on fewer countries, imports were distributed more “equally” to the participating 
countries. 

With an increase of 552%, products of metal (1970: 9.6% of trade in metals; 2005: 
20.8%) represent one of the commodity groups growing significantly above the 
average of global trade growth. Machinery, equipment, cars, and ships represent the 

                                                

 56 in metric tons (t) metal content  
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most important goods in this diverse aggregate (see Table 18 in the Annex). While 
merely accounting for 3.8% of total mass flows, trade in these products became even 
more relevant from an economic perspective. This aggregate accounted for 40.0% of 
all monetary trade flows in 2005 (1970: 30.4%). In geographical terms, the general 
differentiation in regions providing and consuming metal products did not change. 
Europe and Asia, where China and Japan accounted for most of the Asian net 
exports, are the two regions providing all other regions with manufactures of metals, 
in terms of net flows. The fact that both regions are net importers in all other 
remaining metals at the 3-digit-level57 underlines the idea of a global division of 
labour, where extraction of resources and production of manufactured products 
happens in different countries and regions. In 2005, Asia has been responsible for 
almost the entire net export flows of products of metal. On the import side, the 
regional distribution indicates the rising imports of manufactures to Northern America 
and Oceania, predominately to the United States. The concentration of import flows 
is significantly below the median in 1970 (0.64) and 2005 (0.61).  

The aggregate other metals (1970: 8.4% of trade in metals, 2005: 6.1%) represents 
the third biggest commodity group within metals. As the name implies, this aggregate 
comprises various non-ferrous metals applied in diverse industries. Eurostat (2007a) 
names some of high importance: arsenic, chromium, lithium, magnesium, 
manganese, mercury, strontium, and tungsten. The high net export share of the Rest 
of the World is mainly attributable to a lacking coverage of these materials in trade 
statistics. The net importing regions Asia, where China became to world’s largest 
importer, and Europe, managed to even increase their share of net imports of these 
resources of high economical and technological importance. A concentration above 
average can be observed considering the physical and monetary import flows. 
Australia’s exports quadrupled to 14 Mt/y.  

Trade flows in the remaining metals (1970: 2.0% of trade in metals, 2005: 3.2%), in 
terms of weight, are of minor importance, accounting for 0.6% of all trade flows in 
2005. Here within, aluminium (1970: 0.7% of trade in metals; 2005: 1.8%) is the 
physically most important non-ferrous metal and subject to high growth. Trade flows 
increased from 6.9 Mt/y to 52.9 Mt/y. In 1970, Canada provided resources for all 
others regions. In 2005, the Former USSR inherited the position as the biggest net 
exporter and Asia responsible for the majority of net imports. Despite this, the United 
States remained the highest net importer of this important industrial metal. These 
changes regarding the supply side went along with a significant deconcentration of 
export flows.  

Copper (1970: 0.7%, 2005: 0.9%), widely applied in the electrical, electronics, 
transportation, and construction industries, increased slightly above average. Chile 
has been the biggest exporter in 1970 and 2005. Zambia and the Democratic 
Republic of Congo in 1970 and the Former USSR in 2005 provided large amounts. 
Zinc is, contrary to all other metals58 characterised by a decrease of actual mass 
flows from 2000 to 2005 (1970: 0.25%, 2005: 0.28%). Again, we find significant 

                                                

57 Except for uranium, where Europe is a net exporter 
58 The same can be observed for precious metals. However, the data quality for these trade flows is 
questionable. 
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transfers within the regional clusters themselves. The high exports of Australia and 
Canada, both leading exporting nations for Zinc, partly compensate the resource 
needs for the United States. The latter remained, despite increasing imports to 
China, the biggest importing nation in both years. Lead, Nickel and Tin all together 
account for 0.04% of total trade flows and for 0.24% within metals. Lead (106%) and 
nickel (134%) are among the metals with the lowest growth in trade flows. The 
metals tin and nickel are characterised by high concentration of trade flows for both, 
import and exports. 

Monetary trade flows 

Iron ores and other metals increased their stake in total monetary flows from 43% to 
46%, in physical terms from 17% to 18%. The relative prices for the three physically 
most relevant commodity groups – iron ores, products mainly from metals and other 
metals, raised 40-50%, but remained below the average of all trade flows. Relative 
prices for all other metallic commodities declined. The difference between physical 
and monetary figures is particularly obvious for metals.  

1.10.5 Minerals  

Minerals are, according to their use, distinguished into two, rather evenly distributed, 
segments: minerals for industrial use and construction minerals. In monetary terms, 
industrial minerals account for the major parts of trade flows (82%), reflecting the low 
relative price for construction minerals such as sand, gravel and cement. 

Minerals for construction use 

Minerals for construction are especially characterized by low value per ton and local 
abundance. In 2005, the amount of domestic extraction is 27 times higher than the 
one of global exports. Thus, trade plays first and foremost a role at the intraregional 
level, due to the relative abundance of these materials, low price and high 
transportation costs. This is particularly true for sand and gravel (1970: 37.7% of 
trade in minerals; 2005: 31.4%), which are, in terms of weight, the most important 
material in DE. Driven by the frequent utilisation in the building industry, sand and 
gravel represent roughly one third of the globally extracted resources. In 2005, the 
most substantial trade flows between the regional clusters are exports from Asia, 
mainly China. Rise in trade flows of construction minerals is mainly driven by an 8-
fold increase of limestone (1970: 7.7% of trade in minerals; 2005: 19.6%), mostly 
applied in cement production. The increased importance of trade is also visible in 
respects to the growth of global extraction (181% from 1970 to 2005). Thus trade 
share of extraction rose from 12% to 36%. The two biggest export nations in 2005 
are China and Thailand, the United States have the highest net imports by far. Clays 
and Karolin (1970: 2.2% of trade in minerals; 2005: 4.5%) increased, with a surge of 
550%, far above average. In 2005, Europe and Asia, respectively the leading export 
nations Spain, Italy, and China, provided Northern America and Oceania and the 
Rest of the World, in particular the United States and Former USSR, with these 
resources.  
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Industrial minerals 

On the contrary, trade flows in industrial minerals grew below the average of total 
trade. Other mining and quarrying products59, including diverse commodities ranging 
from asphalt to precious stones, (1970: 20.3% of trade in minerals; 2005: 21.8%) 
displaced fertilisers as the most important aggregate here within. Products from non-
metallic minerals, where glass and glassware account for roughly 90% of trade flows, 
are of minor relevance in terms of weight. Trade in fertilisers (1970: 30.4% of trade in 
minerals; 2005: 18.5%) rose only by 25% from 1980 onwards. Roughly 30% of the 
global extraction has been traded in 1970 as well as in 2005. In 1970, Africa and the 
Middle East, lead by Morocco’s phosphate exports, provided the majority of this 
commodities. These resources were exported primarily to Europe. In 2005, the Rest 
of the World, especially the Former USSR, provided the major part of the net exports. 
Fertilizers have been acquired mainly by Asia and Northern America and Oceania 
which turned from a net exporting to a net importing region, mainly due to the 
development of the United States. The concentration of fertilisers’ import flows is 
significantly below the median in both, 1970 (0.66) and 2005 (0.61). Products from 
non-metallic minerals (1970: 1.8% of trade in minerals; 2005: 4.1%), mainly 
glassware, rose by 636%. The rise of Chinese exports led to the observed negative 
trade balance of Asia in 2005, leaving all other regions net importers.  

1.10.6 Other products  

Other products (1970: 1.8%, 2005: 4.3%), which increased almost 6-fold to 685 Mt/y, 
represent an inhomogeneous aggregate for multiple processed products, which 
cannot be attributed to a specific material group. The group comprises of a wide 
range of commodities, ranging from inorganic chemicals to clothing and scientific 
instruments. Chemicals represent the most important traded goods in terms of weight 
here within (see Table 18 in the Annex). Contrary to the patterns observed for the 
majority of commodities, other products had the highest increase in physical trade 
flows from 1980 to 1990. Similar to products of metal this commodity group is of 
utmost economic importance. The monetary trade flows (1970: 17.1% of total trade 
flows; 2005: 22.5%) increased their share, but the rise of relative prices (34%) has 
been far below the average (147%). The rise of the Chinese economy is particularly 
observable for this commodity aggregate.  

1.11 Regional trade balances 

Some results at the 3-digit-level have already indicated significant changes in the 
regional provision (net exports) and consumption (net imports) of commodities (see 
Figure 2 for the regional classification of countries). Fossil fuels, the largest material 
group in trade, shape the regional physical trade balances (see Figure 6), partly 
concealing trends of other commodity groups. Their dominance in terms of regional 
net flows is even more pronounced than in the composition of trade flows. Regional 
                                                

59 Eurostat (2007) highlights the following minerals allocated to this aggregate: bitumen and asphalt, 
natural asphaltites and asphaltic rock, precious and semi-precious stones, industrial diamonds, 
graphite, quartz, siliceous fossil meals (kieselgur, tripolite, diatomite and other siliceous earths), 
asbestos, steatite and talc, feldspar 



 - 50 - 

 

net imports and exports of biomass and metals are still “visible”. Interregional imports 
and exports of minerals and other products either equalise each other or are of lower 
physical relevance in over-regional trade. Expectedly, the commodity groups 
dominating the monetary composition of trade flows give distinction to the MTB. 
Apart of petroleum, trade in manufactures (products mainly of metals, other products) 
is responsible for the bigger parts of monetary trade surpluses or deficits.  

It is important to point out that trade balances of a cluster of countries disregard 
intraregional trade flows within the cluster. Contrary hereto the total figures on the 
trade flows of regional or developmental clusters include these flows. Thus, clusters 
including a lot of countries tend to have higher aggregated trade volumes than 
clusters of few countries (e.g. Europe vs. North America and Oceania) 

1.11.1 Europe 

Europe occupies a dominant position with respect to global trade flows (see Table 20 
in the Annex). In 2005, Europe has been responsible for the 26% of global exports in 
physical terms (1970: 25%), 45% in monetary terms (1970: 54%), and for 37% of 
global imports in physical terms (1970: 58%), 44% in monetary terms (1970: 59%). 
Only its share in total physical exports in 1970 has been exceeded by another 
regional aggregate, namely the oil-exporting Middle-East. The intra-regional trade 
activities between the European economies could partly explain the high stakes in 
global trade flows. The high relevance of trade is even more accentuated on the per 
capita basis, where 6.8 t/cap/y of imports face 4.5 t/cap/y of exports. The stake in 
physical exports slightly increased, whereas the share of imports harshly declined 
from 57% to 37%. Despite this, Europe maintains constantly high net imports in its 
PTB. The balance is dominated by a vast, steady net imports of fossil energy 
carriers, in particular petroleum. The declining appropriation of petroleum has been 
compensated by increasing imports of coal and natural gas. Net imports of metals 
and biomass contribute to the PTB surplus to a lesser extent. The European 
countries depend on vast amounts of metals, second to none iron, where net imports 
amounted 130 Mt/y in 2005. The trade surplus in biomass can, to a large extent, be 
attributed to imports of oil bearing crops, for which net imports increased from 20.3 
Mt/y to 47.5 Mt/y. Moreover Europe imports further biomass-related commodities 
from other regions: timber, fruit and fish. Within cereals, Europe changed from being 
a net importer to a net exporter.  

Although only exporting 26% in terms of mass, Europe accounted for 45% of the 
related monetary trade flows in 2005. This contrast suggests an accentuated 
orientation on highly-valued commodities. This is further supported when comparing 
MTB and PTB of metals, where surpluses are achieved in both. At a more 
disaggregated level, the trade balances reveal “the business case”. Apart from 
products of metal and uranium, Europe’s imports exceed exports in physical terms 
throughout all other metallic ores. This is partly reflected at the monetary perspective, 
where the appropriation of mostly raw ores contributes to trade deficit in most 
commodities. Expenditures on non-ferrous metals ad up to roughly 16 bn$/y in 2005, 
a rather marginal amount considering the 137 bn$ trade surplus arising out of the 
sales within products mainly from metals. The trade in timber products is associated 
with a quite high financial deficit. 
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Figure 6: Physical and Monetary Trade Balances of five regions from 1970 to 
2005 (source: see section 3.2. data sources) 

1.11.2 Northern America and Oceania  

Northern America and Oceania increased their share in total imports, in contrast to 
Europe,. The increased share of export mass flows went along with a dramatically 
reduced share of revenues. This implicates an accentuated orientation to the export 
of goods with low relative value. Looking at the PTB quite distinctive features can be 
found in comparison to Europe. Since both clusters comprise mainly industrialised 
countries, the similarities and differences in the international economic relations are 
of utmost interest. Despite a rather even PTB, the MTB turned steadily from a minor 
surplus in 1970 to a pronounced deficit amounting to 1,657 $/cap/y in 2005. 
Increasing net imports of petroleum, in 2005 on a per capita basis 70% higher than in 
Europe, were accompanied by increasing raw material exports, mainly in coal, iron 
ores and primary crops. Trade in manufactures plays a different role for this cluster. 
Apart of petroleum and limestone, relevant net imports,  in physical terms, are found 
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for two processed product aggregates in particular namely, products mainly from 
metals and other products. The monetary outflows associated with these imports 
contribute the major part to the MTB’s deficit. The revenues from the natural resource 
exports are negligible. 24.6 bn$ for 316 Mt of iron ores and steel and 17.2 bn$ for 
313 Mt of coal represent less than 5% of total returns.  

Clustering countries according to geographical aspects results in quite 
inhomogeneous aggregates. Countries with a high economic relevance or specific 
trade profiles, e.g. raw material exporting nations, influence the physical trade profile 
of regions. This is particularly true for the countries of Northern America and 
Oceania. Looking at the country-level indicates opposite trends. The United States, 
having comparably low net imports of 112 Mt in 1970, required more and more input 
of external resources in the course of time. Especially imports of fossil energy 
carriers, where the national output started to decline from the 80ies onwards, has 
been placed on top of the politico-economic agenda. From 1990 onwards the net 
imports more than tripled reaching 816 Mt/y in 2005 (2.7 t/cap/y), the highest surplus 
at the country-level in all periods. Contrarily, Canada and Australia accentuated their 
position as dominant players in the extractive industries. Both trends nearly 
eliminated each other in the regional aggregate.  

1.11.3 Asia 

Europe and Northern America and Oceania, both regions dominated by highly 
developed countries in terms of GDP, are subject to a harsh decline of their stake in 
monetary export flows. The long dominance of global trade of these regions has 
been ruptured by Asia, which is characterised by a sixfold increase in mass export 
and sixteen-fold in monetary exports. The shares in global physical imports rose from 
20% to 33% and exports from 7% to 18%. The increased relevance of Asia is even 
more distinct in terms of its trade balances, exceeding the stable net imports of 
Europe in the course of time from 2000 onwards. The surplus of the PTB in total 
increased from 383 Mt/y to 1,379 Mt/y. Net imports on a per capita basis are still on a 
comparably low level, reaching 0.45 t/cap/y in 2005 (see Table 20 in the Annex).  

Similar to Europe the region is characterised by net imports of fossils fuels, metals 
and biomass and only minor trade deficits in terms of mass. The net imports of both, 
fossil fuels and metals, rose dramatically to 900 GMt/y and 394 GMt/y respectively. 
Within trade of fossil energy carriers, the dominance of petroleum is more 
accentuated, while natural gas plays merely a minor role. Apart of tin, Asia has been 
reliant on rising net imports of all metals (at the 3-digit-level), in particular from 1990 
onwards. The net imports in biomass quadrupled in the observed time frame to 179 
Mt/y. High net imports of cereals amounting to around 45 Mt/y from 1980 onwards, 
and an increased demand of timber, oil-bearing-crop and fish contributed hereto. 
Apart of manufactures (products of metal, other products), only limestone, sand and 
gravel represent material groups with significant net exports at the regional level.  

The increased orientation to the export of manufactured goods is visible in the 
sharply rising PTB deficits and more pronounced the MTB surplus. Revenues from 
manufactures rose steadily exceeding Europe’s monetary surplus in these 
commodity groups, from 1990 onwards. This rise shows a development opposite to 
that in North America and Oceania.  



 - 53 - 

 

Again, the composition of countries within this regional aggregate has to be 
considered. In 1970, the regional totals are dominated by Japan’s trade balance, 
where a PTB surplus of 409 Mt/y was slightly blurred by other Asian countries. While 
the surge until 1990 can still be attributed almost exclusively to Japan’s growing 
demand in fossil fuels, two countries have to be mentioned to explain the trends 
hereafter. South Korea’s rapid economic development has been accompanied by a 
steadily rising net imports, most accentuated from 1990 to 2000 with an additional 
demand in fossil fuels of 100 Mt/y. The latest period is shaped by China’s excessive 
appropriation of iron ores and fossil fuels. Interestingly, this increased appropriation 
of resources went along with increased financial benefits for this cluster. The sale of 
processed products, products mainly from metal in the case of Japan and other 
products in China, exceeds expenditures on raw materials by far. The benefits arising 
out of trade in “other products” developed similarly to the MTB deficits found in North 
America and Oceania. (Schandl and West 2010) 

1.11.4 Latin America 

Latin America enlarged its stake in global trade flows in all dimensions, physical and 
monetary, exports and imports. This region is increasingly providing other countries 
with resources. Net exports of iron ores, petroleum and primary crops/biomass 
contributed to a substantial increase of the PTB deficit from 1980 onwards, reaching 
680 Mt/y or 1.4 t/cap/y. In 2005, the net exports of iron ores exceeded those of 
petroleum. The tremendously increased net exports of biomass can largely be 
attributed to oil bearing crops and, to a lesser extent, fish, sugar crops and fruit. Apart 
of fertilizers, for which net imports increased, net imports above 10 Mt/y is only 
observed in other products. On the monetary side, revenues from resource exports 
exceed the expenditures, mainly on manufactured products.  

Latin America’s historical connotation as provider of vast amounts of natural 
resources seems to be prolonged. Both trade balances of Latin America appear like 
a mirror image of Asia’s PTB and MTB. The Brazilian export orientation influences 
the regional trade balances. Brazil became one of the major resource exporting 
countries in the world. The net exports rose from 7 Mt in 1970 to 297 Mt in 2005. Iron 
ore exports of 244 Mt even exceeded those of Australia (242 Mt) in 2005. The trade 
deficit in primary crops, mainly oil-bearing crops, rose to 73Mt/y. Although 
significantly lower, these exports contributed more to the positive monetary balance 
than iron ore exports. (West and Schandl 2013) 

1.11.5 Africa and Middle East 

Africa and Middle East, dominated by OPEC members, feed the world with export of 
fossil fuel. In 2005, the net exports in petroleum rose to 1.193 Mt/y making this region 
the largest net exporter of materials. Due to the rather stable exports and the 
declining relevance of petroleum, their share in global exports almost halved. Despite 
this, this cluster’s share in global export revenues slightly increased (see Table 20 in 
the Annex), but is still significantly lower than in physical terms. In 1970, 38.3% of the 
global mass exports resulted in 7.2% of financial revenues. The share of imports 
tripled to 6.1%, the highest net imports can be observed within cereals rising to 60 
Mt/y. Net exports of minerals and fossil fuels are accompanied by an increasing net 
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imports in biomass and metals. The lacking of trade data for many African countries 
hinders a serious interpretation of this cluster’s trade balances. 

1.11.6 Rest of the World 

The countries not included in the Selected Country Sample provide a growing 
amount of resources. Net exports rose from 33 Mt/y to 664 Mt/y. From 1990 
onwards, deposits of natural resources were tapped to provide other regions with 
fossil fuels and iron ores. The Former USSR and South Africa, both rich in point 
resources, are the most important countries here within. In 2005, the PTB deficit of 
these two countries amounted to 910 Mt/y (see Figure 25 in the Annex). Russia 
became the most important physical net exporting country in the world, providing 
other countries in particular in Europe and Asia with large amounts of petroleum and, 
to a lesser extent, natural gas, iron ores, coal and timber. The PTB deficit increased 
to 770 Mt/y in 2005 (Former USSR: 806 Mt/y). Except for the Former USSR and 
South Africa, the countries in this cluster would be characterized by substantial net 
imports of resources. Contrary to other regions, the exports are reflected in the MTB, 
where a rising surplus can be observed. Products of metal represent the single most 
important expenditure.  

1.12 Functional Perspective 

Up to this point the results draw a rough picture of the global division of labour. 
Regions which provide resources and import processed products can be 
differentiated from regions that depend on net imports of materials. Net imports of 
resources are financed by the export of manufactures of higher economic value. 
Such patterns of global trade relations are central to the Prebisch-Singer-Thesis and 
Wallerstein’s conceptualisation of the world economic system (see section 2.3 
Unequal exchange in an interdependent world). They are linked to the developmental 
status of countries. However a reductionism on developmental status seems 
inappropriate for various reasons, in particular the high significance of resource 
endowment for a countries extraction and trade with natural resources (see method). 
To explore these relations in more appropriate way, we distinguish the following four 
clusters of countries: Industrialised Countries, Resource exporting Industrialised 
Countries, Developing Countries (including 4 Least Developed Countries) and Major 
Oil exporting Countries”. The emerging industrialisation of developing countries, 
mainly in Asia, had a substantial impact on global trade flows and led to a global shift 
in the provision and consumption of resources. In the following, this alteration of the 
international division of labour is discussed in more detail. 
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Figure 7: PTB and MTB of functional clusters (source: see section 3.2. data sources) 

1.12.1 Industrialised Countries  

The Industrialised Countries (see Figure 2 for the classification of countries) are 
characterised by an almost doubling net imports, largely shaped by the trade 
balances of the United States and Japan. Imports exceeded exports within most of 
the twelve main material groups throughout all periods. Most apparent is the high and 
rising demand for fossil energy carriers to fuel the industrial economy which is largely 
met by imports. These account for almost 80% of the surplus in 2005, equal to 2.5 
t/y/cap of net imports from other clusters (see Table 21 in the Annex). Along with the 
general trend fossil fuels other than petroleum gained importance. In 2005, net 
imports of coal and natural gas exceeded the aggregated net imports of trade in all 
the remaining non fossil commodities. The Industrialised Countries appropriate more 
than 50% of the total global export volume of petroleum, natural gas and coal. The 
developed countries further import large amounts of metals, most notably iron ores 
and steel. Regarding nickel, aluminium and the aggregate of other metals, a high 
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proportion of global trade flows is appropriated by the Industrialised Countries60. 
Despite increased exports of cereals, net imports of biomass have been rising from 
1980 onwards, timber contributing most hereto. Oil-bearing crops became the 
biomass commodity group with the second highest net imports at the 3-digit-level. 
Furthermore this cluster demands half of the total exports of other crops.  

Negative trade balances (net exports) are an exception and of minor importance in 
terms of mass. The sum of net exports in the twelve material groups distinguished in 
all five years represents less than the iron ore net imports in 2005 and less than 10% 
of the total net imports in 2005. Apart of primary crops, where increasing cereal 
exports have led to a deficit from 1980 to 2000, export orientation is most notably 
found within processed commodities, products of metal and products of fossil energy 
carriers. Except for the biomass exporters Iceland and New Zealand and the four 
point resource exporting industrialized countries, treated separately below, all 
industrialised countries are characterized by net imports in every year. In 1970 trade 
balances ranged from -0,7 t/cap/y for Iceland to 7.1 t/cap/y for Belgium-Luxembourg, 
from -1.9 t/cap/y for Iceland to 16.1 t/cap/y for Singapore, in 2005. The majority 
industrialised countries have net import between 2.5 and 5.3 t/cap/y. 

The MTB deteriorated from a minor deficit in 1970 to 561 bn$ in 2005, equal to 640 
$/cap/y. This 17-fold increase is largely attributable to fossil fuel imports, where the 
MTB deficit for petroleum rose eight-fold, while the net imports, in physical terms, 
rose slightly above 50%. Being responsible for roughly one third of global physical 
exports, the developed world manages to retain a major but declining share of 
financial flows (1970: 73.4%; 2005: 61.7%). The dominance is manifest when bearing 
in mind that the countries in this cluster are inhabited by solely 18% of the population 
of the selected country sample. In monetary terms, it is interesting to observe the 
development of the material group including mostly (semi-)manufactures. Declining 
net revenues for products of metal have been accompanied by increasing 
expenditures on other products from 1980 onwards. Another indicator for a shift of 
production of manufactured products to other countries outside this cluster.  

1.12.2 Point resource exporting industrialized countries  

The cluster of point resource exporting Industrialised Countries – Australia, Canada, 
Norway and Sweden - differs significantly (see section 3.3.1 Formulating a 
representative data sample). Despite a rising stake in total physical exports (1970: 
13.1%; 2005: 17.9%), the monetary share dropped from 11.9% to 7.5%. Hence, this 
cluster exports more and more resources but the monetary gains of these exports 
are steadily declining. On a per capita basis, the trade balance deficit rose from 3.5 
t/cap/y to almost 14.9 t/cap/y.  

This cluster’s PTB appears to be a mirror of the results presented above. Fossil 
energy carriers and iron ores account for more than 75% of the PTB deficit. Contrary 
to the Major Oil exporting Countries, coal and gas, here, are more relevant than 
petroleum. Apart of some minor surpluses (e.g. products of metal, vegetables, fruit, 
clays and karolin) net exports can be observed in most commodities across all 
                                                

60 PTB surplus of the industrialised countries / total trade flow [(import+export)/2]: Nickel: 50%;  
Aluminum: 36%; Other Metals: 52% 
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periods. In the course of time, the financial balances continually improved from a 
minor deficit in 1970 to a substantial plus in 2005 of 978 $/cap. While net 
expenditures on other products remained rather stable, the trade deficit in products 
from metals more than tripled, reaching 1,597 $/cap in 2005. The income generated 
through the export of raw commodities is spent on the import of manufactured 
products. Only Sweden differs in this regard, exporting, in monetary terms, more 
manufactures than importing them.  

1.12.3 Developing Countries  

Shaped by their industrialisation and increased participation in global trade the 
cluster of Developing Countries which includes countries giant emerging economies 
like China, India, Brazil is characterized by the most significant change. The share of 
this cluster in physical as well as monetary exports more than doubled. Import in 
masses increased more accentuatedly than the associated financial flows, which can 
be traced back to the increased imports of relatively cheap bulk material (e.g. fossil 
fuels, iron ores). From 1990 to 2000, along with the economic rise of various 
countries and in particular China (Xu and Zhang 2007), this cluster turned from being 
a net exporter to being a net importer of commodities, in terms of mass. The PTB is 
shaped by soaring net imports of fossil fuels (petroleum, coal) and iron ores from 
1990 onwards. A negative trade balance of iron ores in 2000 is followed by net 
imports of 110 Mt in 2005. Within biomass, net imports of timber and cereals roughly 
match net exports of oil-bearing crops, fruit, sugar crops and fish. Net imports of 
chemicals and fertiliser minerals rose to 48 Mt/y in 2005. Despite this trend, net 
imports of 0.1 t/cap/y is still a minimal fraction of the resource appropriation per 
capita in industrialised countries. One might mention that there is a difference 
between the trade profiles of Asian and Latin American emerging economies. The 
Asian economies dominate the picture and are net importers, and the Latin American 
Economies supply the world with considerable resources.  

Increasing revenues of manufactures contributed to an improving MTB, reaching a 
surplus in the last year observed. The MTB of two material groups (products of metal, 
other products) turned from a deficit of 50bn$ in 1980 to a surplus of 193bn$ in 2005, 
financing the net imports of petroleum, products mainly from fossil energy carriers 
and iron ores.  

This cluster includes a broad range of differing economies. Without the oil exporting 
developing countries and the more or less industrialised economic Korea and Cyprus 
trade balances ranged from -2.0 t/cap/y for Argentina to 1.0 t/cap/y for Panama, in 
2005 (in 1970: Trinidad Tobago: -4.5 t/cap/y and Panama 0.7 t/cap/y). Three 
countries coin the aggregated PTB, characterized by a surplus of 377 Mt/y in 2005. 
The growing resource demand of China and South Korea, together accounting for 
net imports of 677 Mt/y in 2005, are accompanied by Brazilian net exports of 297 
Mt/y. No other country in this cluster has a PTB surplus or deficit larger than 100Mt/y. 
Different trends partly conceal each other, e.g. Chinese iron ores imports (281Mt) 
and Brazilian exports (243Mt in 2005) or Asian biomass imports and Latin American 
exports.  
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1.12.4 Major Oil exporting Countries  

The relevance of petroleum in international trade declined from 1970 to 2005. This is 
reflected in the decreasing share of the Major Oil exporting Countries in the total 
export flows from 45% to 25%. Despite this, the monetary share in total export flows 
slightly increased. The lack of physical and monetary data for the Major Oil exporting 
Countries (see section 3.3.1 Formulating a representative data sample) has to 
be considered. Hence, the PTB and the MTB are only briefly discussed. The PTB 
deficit oscillated between 1,075 Mt/y in 1990 and 1,589 Mt/yt in 2005. The impact of 
oil prices is visible in the fluctuating MTB surplus reaching 339 bn$ in 2005. 
Significant net imports in physical terms are hardly identifiable. From 1970 to 2005 
import flows of cereals and iron ores outgrew exports, both by roughly 40 Mt/y.  

1.13 Linking trade balances and the World System Theory at the country level  

Distinctive developments of countries within the regional and functional cluster 
conceal each other. The opposite trends of imports and exports of the United States, 
Canada and Australia partly eliminate each other in the PTBs. Although not as 
illustrative, similar examples can be pointed out in the other clusters, for example: the 
transition to industrial regimes in China and Korea, the rise of Norwegian and 
Indonesian extraction of fossil fuels or Brazil’s export orientation in metals and 
biomass. Aggregate numbers deliver only limited insights on the general 
development of clusters, but more on the biggest economies within a cluster of 
countries. For further interpretations of the international division of labour, a 
discussion on the country-level is necessary to evaluate more specific patterns.  

1.13.1 The relation of PTB and MTB 

According to the current macro-economic understanding, countries aim for an even 
balance of payments, of which an even balance of monetary trade of goods forms a 
significant part61. Such a general target is difficult to be defined for the physical trade 
balance. A one-dimensional perspective, focused on the monetary balances, delivers 
not the full picture. While balance in financial terms between two countries is 
possible, inequality can arise through an uneven distribution of natural resources in 
physical terms. Low prices for primary resources could enable countries to acquire a 
positive physical balance of payment, thus appropriating resources from outside, 
while maintaining an even monetary trade balance. Odum (1983, 1996) was among 
the first to argue for a balanced trade in physical terms, focusing on different qualities 
of energy flows. Unequal exchange here is already determined by an imbalance of 
exchanged “emergy” through trade. However, this preposition is challenged when 
regarding the unequal distribution of population and resource across the world makes 
the transfer of resources, whether within or across national borders, necessary and 
meaningful (e.g. eco-efficient allocation of extraction and production). This is 
particularly true when applying the nation state as unit of research, where countries 
with widely differing biophysical properties (e.g. availability of resources, climate) 
                                                

61 Note that the balance of payment further includes trade in services and other monetary transfer (e.g. 
transfer of money from expatriates). Trade in commercial services (services excl. government 
services) represent roughly 22% in 1980 and 25% in 2005 of the global trade in goods (WTO 2013).  
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exchange goods. Thus, balanced trade in terms of physical trade balances can be 
dismissed as a generally applicable aim. A precise definition of what could be 
considered equal or fair exchange among nations poses a complex theoretical 
problem and would deserve and require more than a brief overview on the discourse. 
Dittrich (2010) provides a detailed introduction into trade balances, particularly in the 
context of unequal ecological exchange. Comparing PTBs and MTBs delivers a net 
picture on the economic relevance of natural resources. While declining terms of 
trade cannot be quantified, due to the limited comparability of commodity aggregates, 
trade balances still enable the deduction of some general findings on the economic 
importance of trade in raw or slightly processed commodities, their temporal change 
and homogenous patterns of the countries under scrutiny.  

Homogenous patterns can be observed looking at PTB and MTB at the country-level. 
However, the absolute values of surplus or deficit are still of limited explanatory 
power. Whether net imports of a country amount to 1% or 25% of the Domestic 
Material Consumption (DMC) makes a significant difference. In order to give an 
estimate for the relative importance of trade, the trade balances have been compared 
to the DMC and the Gross Domestic Product (GDP) of the selected countries. 

• Relative physical trade balance (rPTB)  = PTB / DMC (in%) 

• Relative monetary trade balance (mMTB) = MTB / GDP (in%) 

Using these two indicators, the relative trade balances are embedded into a two-
dimensional framework. While it is impossible to formulate one generally applicable 
“formula” for the interpretation, some general aspects can be deducted. Considering 
the relation of PTB and MTB, a deficit within both can be considered 
disadvantageous and contrarily a surplus in both beneficial. The identification of 
homogenous patterns is more emphasised than a discussion on the benefiting and 
disadvantaged participants of trade. Applying this framework and focussing on the 
trade in point resources and manufactured products, four distinctive clusters have 
been identified (see Figure 12 in Section 5: Interpretation, trade balances of each 
country can be found in the Annex: Figures 14-25): 

Countries dependent on substantial resource imports: This cluster comprises 
countries, which have net imports amounting to at least 10% of their Domestic 
Material Consumption (DMC)  

• The resource providing countries: This cluster comprises countries, which 
have net exports amounting to least 10% of their Domestic Material 
Consumption (DMC)   

• Countries in high monetary trade deficits: This cluster comprises countries, 
which have a monetary trade deficit of at least 15% of their GDP. 

• Countries with (relatively) even balances: This cluster comprises countries, 
which have net exports or imports below 10% of their Domestic Material 
Consumption (DMC) and a monetary trade deficit or surplus below 15% of 
their GDP 

Applying these criteria for a differentiation, it is important to note that few countries 
would be classified as both, Countries dependent on substantial resource imports 
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and Countries in high monetary trade deficits. In this case, the countries have been 
classified by comparing the relative trade balances (rPTB and rMTB). In case the 
relative net imports (in %) were higher than the relative monetary trade deficit (in %), 
a country has been classified Countries dependent on substantial resource imports, 
and vice versa.62,63   

1.13.2 Classification of countries according to patterns in their trade balances  

In 2005, the absolute PTBs (in t/cap/y) ranged from -64.5 t/cap/y of net exports from 
oil-exporting Qatar to net imports amounting to 16.1 t/cap/y of the city-state of 
Singapore64 (in 1970: United Arab Emirates: -225.0 t/cap/y; Belgium-Luxemburg: 7.1 
t/cap/y). The relative PTBs (rPTBs) range from -446% in Norway to 48% in Japan, in 
2005 (in 1970: Kuwait: 1,875%; Malta: 54%). This means that the net exports of 
Norway (mostly petroleum) are 4.5 times the size of its domestic resource 
consumption, while Japan has to import almost half of the domestically consumed 
materials. Net importing and exporting countries are distributed fairly evenly. The 
number of countries with positive trade balances increased from 36 to 40 out of 73. In 
monetary terms, Qatar accounted with 14,596 $/cap/y for the highest surplus in 2005, 
Iceland for the highest deficit, reaching -8,521 $/cap/y (1970: United Arab Emirates: 
14,365 $/cap/y; Norway: 3,503 $/cap/y). The number of countries with positive MTBs 
is lower than for the PTBs, increasing from 28 to 34 out of 73.  

Countries dependent on substantial resource imports (rPBT > 10%) 

In 2005 this cluster includes 22 countries (1970: 16), which are characterized by a 
physical trade surplus amounting to at least 10% of their Domestic Material 
Consumption (see Figure 8 below and Table 22 in the Annex). For the majority of 
these countries the monetary trade deficit or surplus is below 10% of their GDP. In 
2005, the countries in this cluster accounted for 74% of the GDP of the Selected 
Sample (1970: 52%), but are inhabited by only 21% of the population (1970: 17%). 
This cluster is dominated by industrial countries, mostly European countries, which 
have in common that the physical trade balances are dominated by net imports of 
first and foremost fossil energy carriers. The degree of dependency on external 
resources as well as the financial outcome varies substantially.  

Few countries (Japan, Belgium-Luxembourg, Switzerland, the Netherlands, Malta) 
set themselves apart in regard of the degree of their resource dependency, satisfying 
at least one third of their DMC through net imports in both 1970 and 2005. Israel and 
Korea increased their relative PTB surplus dramatically, joining this group in 2005. 
                                                

62 The following countries fulfil the criteria of both cluster, countries dependent on substantial resource 
imports  and countries in high monetary trade deficits and have been classified as countries 
dependent on substantial resource imports (rPTB, rMTB): in 2005 Malta (48%; -23%) and Portugal 
(21%, -15%) 
63 The following countries fulfil the criteria of both cluster, countries dependent on substantial resource 
imports and countries in high monetary trade deficits and have been classified as countries in high 
monetary trade deficits (rPTB, rMTB): in 1970: Malta (54%; -69%) and Norway (11%; -23%);  in 2005:  
Panama (14%, -22%), Cyprus (24%,-34%) and the Territory of Former Yugoslavia (11%,-17%) 
64 Note that for Singapore no data on the Domestic Material Consumption has been available, hence 
the relative PTB could not been calculated 
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Interestingly, these countries with high physical net imports are still characterised by 
slightly more balanced trade balances in monetary terms than the other countries in 
this cluster. The expenditures for imports are compensated through the export of 
manufactures with higher value. The Terms of Trade65 for all countries in this cluster 
are positive in both years, 1970 and 2005 (see Table 23 in the Annex). In the case of 
Japan net imports of resources represent almost half of the DMC in 2005 without a 
negative monetary balance.  

 

Figure 8: Relative trade balances of countries dependent on substantial 
resource imports. The vertical axis represents the rPTB, the higher this value is 
the higher is the dependency on net imports of resources. The horizontal axis 
depicts the rMTB. The further left a country is positioned the higher is its 
relative monetary trade deficit. The further right it is, the higher is its relative 
monetary trade surplus. (source: see section 3.2. data sources) 

 

                                                

65 Terms of Trade are for this study defined as: Export prices - Import prices (in $/kg) 
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Looking at the rest of the countries in this cluster, the pictures became more blurred. 
While some European countries (Germany, Finland, Austria, Italy and France) are 
still characterised by net revenues arousing out of the sale of manufactures, some 
industrialised and emerging economies (United Kingdom, United States, Spain, 
Portugal, Turkey, Malta) increasingly import processed products (see section 3.1.3 
Classification of material and Table 2), first and foremost products of metal and to a 
lesser extend other products (see trade balances at the country level in the Annex: 
Figure 14-25). The development of these countries, in particular of the United States 
shapes the aggregated MTB for the cluster of industrialised countries, which 
deteriorated (see Figure 7).  

The majority of countries in this cluster increased their relative resource demand 
since 1970. Only Denmark, exploiting its own fossil fuel deposits, reduced its relative 
dependency on external resources significantly (rPTB: 1970: 28%; 2005: 0%). The 
composition of this cluster hardly changed from 1970 to 2005 (see Figure 8 below 
and Table 22 in the Annex). Six countries (United States, Singapore, Turkey, 
Philippines, Hungary, Israel and Malta) turned countries dependent on substantial 
resource imports in 2005. Only Denmark moved to the cluster of countries with even 
balances. Korea’s transition to an industrialised country and the distinctive 
developments of the industrialised world, where some economies increasingly import 
manufactures, remain the most remarkable changes. 

The resource providing countries (rPTB < -10%) 

In 2005, 24 countries (1970: 23) have net exports of at least 10% of their DMC (see 
Figure 9). The countries in this cluster accounted for 12% of the GDP of the Selected 
Sample (1970: 9%) and are inhabited by 19% of the population (1970: 12%). The 
vast majority are oil-exporting countries (see Table 22 in the Annex), satisfying the 
energy demand of the industrial and emerging economies. Thus, predominately fossil 
energy carriers contribute to the PTB deficit for most countries. Only a few countries, 
among them Argentina, Brazil and to a lesser extent Canada and Australia are large 
net exporters of materials other than petroleum in such a large proportion to their 
DMC (e.g. Argentina: oil bearing crops; Brazil: iron ores; Australia: iron ores and coal, 
Canada: natural gas and timber). The export deficits represent mostly a by far larger 
percentage of the DMC than the surpluses in the case of the net importing countries 
above. Whereas the highest positive rPTB value in the cluster of countries dependent 
on substantial resource imports is 48% in the case of Japan, seven countries can be 
found with net exports exceeding the DMC (< -100%). Further the relative trade 
balances accentuate the importance of trade for these economies. Again, the 
composition of countries in this group slightly changed. Argentina, Brazil, Colombia, 
Ecuador, Iceland and Norway started to export large amount of resource in the 
course of time and belong to this cluster in 2005 only. On contrary the rPTB of 
Tunisia, Togo, Sweden, Morocco and Peru shrunk. Hence these countries are 
classified resource providing countries in 1970, but not in 2005. Because of stable 
petroleum exports along with an increased DMC the rPTB declined for many of the 
major oil exporting countries (see Table 22 in the Annex).  

Prebisch and various others (see section 2.3 Unequal exchange in an interdependent 
world) propose that a development strategy will not be successful, if trade is 
concentrated on the export of primary commodities (see section 2.3 Unequal 



 - 63 - 

 

exchange in an interdependent world). More specifically this phenomenon has been 
termed Natural Resource Curse (Frankel 2010) and it suggests that countries, 
specialised in extraction and export of commodities, are characterised by a 
comparatively lower economic performance than resource-poor countries. Frankel 
(2010) summarises six lines of argument66, of which one is of particular interest. 
Natural resources are suggested to be a dead-end-sector for the economy, hindering 
innovation. Comparing the resource productivity of all OECD countries, the United 
States and Australia, Schandl et al (2008, p.675) conclude: “This seems to be the 
common fate of extractive economies: that most of the wealth created on the basis of 
resource use occurs elsewhere, outside their economies.” Looking at the MTBs two 
findings are highlighted regarding this. Most of the countries in this cluster share 
quite a similar profile: high resource exports in physical terms go along with large 
imports of manufactures in monetary terms. It is interesting to observe that only two 
of the economies in this group managed to develop manufacturing industries with a 
positive trade balance in 2005: Malaysia and Brazil. While the trade balances do not 
allow for ultimate conclusion on the general economic performance, the figures do 
provide an indication for the financial success of their trade in commodities. For the 
majority of countries in this cluster, the export of resources is accompanied by 
positive trade balances, but as well with negative terms of trade. Prebisch-Singer’s 
argument of declining terms of trade cannot be proven. The terms of trade of the 
countries in this cluster do not indicate a worsening development (see Table 23 in the 
Annex). However a detailed investigation of the terms of trade is due to the high level 
of aggregation not a focal point of this study.  

 

 

                                                

66 1) secular decline of commodities, an argument central to the Prebisch-Singer-thesis; 2) natural 
resources are a dead-end-sector, hindering innovation and industrialisation 3) high volatility of world 
prices66; 4) reduced governmental and democratic development due to concentrated physical 
command over resources; 5) armed conflict, related to resources; 6) cost of transaction (exchange 
rate, government spending) arising out of fluctuating commodity prices. Empirical results indicate 
neither clear support nor refusal (for an overview see Frankel 2010). 
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Figure 9: Relative trade balances of the resource providing countries. The vertical axis 
represents the rPTB, the lower this value is the higher are net exports compared to the 
DMC of a country. The horizontal axis depicts the rMTB. The further left a country is 
positioned the higher is its relative monetary trade deficit. The further right it is, the 
higher is its relative monetary trade surplus. Note that the rPTB ranged in 1970 up to -
1,875% (Saudi Arabia), in 2005 up to -446% (Norway). The values (rPTB, rMTB) of 
countries not lying in the range of the chart can be found in the Annex (see Table 22) 
(source: see section 3.2. data sources) 

 

Of specific interest are countries, which, despite their export orientation, face a 
negative MTB, an apparently unfavourable relation (countries on the very left of the 
plot in Figure 9). Four countries with this pattern can be identified in both years: in 
1970 Trinidad and Tobago, Tunisia, Morocco and Togo; in 2005 in particular Iceland 
and Australia, but also Colombia and Ecuador. Australia, rich in natural resources, 
increased its PTB deficit, almost 10fold. Imports of 3 t/cap/y face exports of 29.3 
t/cap/y. Net exports of iron ores and coal accounted for almost 90% of the PTB. 
Despite this, the MTB deficit increased to 570$/cap, mainly due to the imports of 
products from metal, i.e. machinery, transport equipment, etc. The development of 
Australia’s trade balances appears to be in line with the idea of unequal exchange for 
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resource exporting countries (Schandl et al 2008). Providing the world economic 
system with a tremendously rising amount of iron ore and coal is, especially 
considering revenues from iron ores, hardly visible in monetary terms. Therefore, 
Australia appears to be a prime example of a peripheral country. Also for the other 
countries mentioned imports of manufactures, mainly products of metal, exceed the 
revenues of resource exports. 

Countries in high monetary trade deficits (rMTB < -15%) 

A rising number of countries (2005: 14; 1970: 7) is characterised by monetary trade 
deficits of at least 15% of their GDP (see Figure 10 below and Table 22 in the 
Annex). In 2005, the countries in this cluster accounted for only 1% of the GDP of the 
Selected Sample (1970: 1%) and are inhabited by 3% of the population (1970: 1%).  

Figure 10: Relative trade balances of countries in high monetary trade deficits. The 
vertical axis represents the rPTB. Positive values indicate net imports, negative values 
indicate net exports. The horizontal axis depicts the rMTB. The further left a country is 
positioned the higher is its relative monetary trade deficit. (source: see section 3.2. 
data sources) 
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All of these countries, with the exception of Cyprus (1970) and Paraguay (2005), are 
net importers of resources. The vast majority in this cluster are developing 
economies. Further, three out of the four least developed countries in the total 
sample fall into this cluster: Senegal, Madagascar and Mali. The number of those 
countries in high relative MTB deficits more than doubled from 1970 to 2005.  

Looking at the trade balances of each country, a clear trend can be identified (see 
Figures 14-25 in the Annex). The physical and monetary trade balances of these 
countries show homogenous patterns: rising net imports of resources, mainly fossil 
energy carriers, are accompanied by increasing imports of manufactures (products of 
metal, other products). While the dependency on resource imports is reflected in the 
negative PTBs, the appropriation of manufactures contributes most to the negative 
MTB. Especially the five Central-American countries (El Salvador, Honduras, 
Guatemala, Nicaragua, Panama – see Figures 20 and 21 in the Annex) moved 
towards the upper left of the plot in Figure 10 in 2005, sharing rapidly rising PTB 
surpluses and MTB deficits from 1990 onwards. Interestingly the terms of trade for 
the countries in this cluster do not shows a clear trend (see Table 23 in the Annex).  

Similar trends have already been observed for some of the industrialised countries 
above. To maintain such patterns these economies have to find different way to 
finance their demand in resource. These can range from services related revenue, 
e.g. tourism or more specifically Panama’s canal fees, or the transfer of financial 
resource by emigrants.    

Countries with even balances (rPTB > -10% ∩ < 10%; rMTB > -15% ∩ < 15%) 

The number of countries with relatively even balances in both, MTB (rMTB > -15% ∩ 
< 15%) and PTB (rPTB > -10% ∩ < 10%), almost halved (1970: 28; 2005: 14). The 
countries in this cluster accounted for 13% of the GDP of the Selected Sample (1970: 
38%), but are inhabited by 56% of the population (1970: 70%). The majority here 
within are, again, developing economies (see Figure 11 below and Table 22 in the 
Annex). Industrialised countries (such as United States, Greece and Iceland in 1970 
or Denmark and Sweden in 2005) are the exception.  

The 14 countries in 2005 appear to be a quite inhomogeneous cluster at the first 
glance. However they share a similarity: they provide the world with at least one 
commodity in large physical amounts, outbalancing the net import of many other 
resources in physical terms. A diverse accumulation of countries is found here, such 
as the resource-rich Scandinavian economies (Sweden: Iron Ores; Denmark: 
petroleum and natural gas), countries with exploitable deposits of chemical/fertiliser 
minerals or limestone (Tunisia, Thailand, Togo), or Latin American biomass exporters 
(e.g. Peru: fish; Costa Rica: fruit).  

Further, the two most populated nations, India and China, belong to this group of 
countries. These giant economies still, satisfy in relative terms, only a minimal 
fraction of their resource demand through trade (while trade flows in absolute terms 
have been considerable in 2005). Their exports in coal and other products (China) 
and iron ores (India) are, despite their absolute importance, of low relative 
importance compared to their huge DMC. Both countries develop into the patterns 
observed above. While China moves fast towards an economy of both large physical 
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and monetary net imports, India’s increasingly imports resources as well as 
manufactured products.  

 

Figure 11: Relative trade balances of countries with even balances. The vertical axis 
represents the rPTB. Positive values indicate net imports, negative values indicate net 
exports. The horizontal axis depicts the rMTB. The further left a country is positioned 
the higher is its relative monetary trade deficit. The further right it is, the higher is its 
relative monetary trade surplus (source: see section 3.2. data sources). 
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INTERPRETATION 

1.14 Physical trade flows and its similarities and differences to monetary trade 
flows and material extraction  

1.14.1 Increased relevance of trade  

The results indicate a tremendous surge of traded commodities from 1970 to 2005. 
Trade flows, in terms of mass, increased by 182%, from 5.6 to 16.0 Gt/y. On a per 
capita basis, trade flows rose by 64% from 2.0 t/y to 3.2 t/y. Socio-economic 
parameters describing the “size” of the observed (economic) system have an 
influence on the size of trade flows. An increase of economic activities or population 
should arguably be reflected in the trade activities. Neither the increasing size of the 
economic activities (Domestic Extraction and DMC, GDP), nor population growth can 
fully explain the rising amount of traded commodities. Physical imports and exports 
rose much faster on a global scale than Domestic Extraction. The trade openness67 
of the global economy more than doubled. In this sense, the relevance of trade 
increased not only in absolute figures but also in relative terms: The share of global 
DE which has been exported grew from 10% to 13xy%. Trade in 2005 is, in absolute 
and relative terms, a more important factor for the societal metabolism and the 
economic system in general than in 1970.  

1.14.2 Distinctive temporal development 

Trade flows at the global level developed quite distinctively in the course of time. Two 
Periods of high growth have been interrupted by an interval of deceleration from 
1980 to 1990. In monetary terms, this trend is even more accentuated. The growth 
rates of 36 material groups, in physical terms, and 32, in monetary terms, have been 
compared (see Table 17 in the Annex). For the majority of goods, the trend of 
decelerated growth from 1980 to 1990 is prevalent at the 3-digit-level. Shrinking 
growth rates from 1980 to 1990 can be found for 20 commodities (e.g.: cereals, oil 
bearing crops, iron ores, petroleum, natural gas). From a monetary perspective, the 
development of trade is even more homogenous in regard to this aspect. 29 
commodity groups are characterised by lower growth rates from 1980 to 1990 than 
from 1970 to 1980. 24 of them recover from 1990 or 2000 onwards.  

From 1990 to 2000, a greater growth of physical and monetary trade flows is 
observable, again, along with tremendous shifts in the trade balances. In this period, 
important changes of the political and economic environment took place. Trade 

                                                

67 The ratio monetary trade flows to GDP is used in economic science as standard measure for Trade 
Openness (e.g. Frankel and Romer, 1999; Warziarg and Welch, 2003). The Trade Openness is 
calculated as: [(Import + Export)/2] / GDP. Its physical counterpart is defined as the relation of physical 
trade flows to resource extraction. The Physical Trade Openness is calculated as: [(Import + Export)/2] 
/ Material Extraction. At the country-level the usage of the Domestic Material Consumption, which is 
equal to the Material Extraction at the global level, or the Total Material Requirement  seems more 
useful (see also section 3.2.2 Monetary and socio-economic data).  
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liberalisation advanced progressively, in particular from 1980 onwards.68,69 Driven by 
a rising industrialisation, the developing economies of Asia and Latin America 
increased their participation in the global exchange of commodities. The surge from 
1990 onwards is clearly visible in the trade balances of various developing 
economies (see Figures 18-22 in the Annex). The same can be observed for the 
countries of the Former USSR following the fall of the iron curtain. Cyclical trends are 
common in economic development (e.g. Kondratiev wave, Kuznet swing). However, 
for a serious discussion of this observation, a more thorough analysis would be 
necessary.  

1.14.3 Point resources dominate global mass trade flows  

In contrast to the composition of global Material Extraction, where construction 
minerals and biomass accounted for roughly two thirds of extracted resources in 
2005, global trade flows are dominated by point resources (see Figure 13 in the 
Annex). With more than half of global material exports, fossil fuels account for the 
largest share of global trade flows (2005: 51.3%, 1970: 58.2%), followed by metals 
(2005: 18.4%; 1970: 17.3%) and biomass (2005: 16.5%, 1970: 14.1%). Minerals 
(2005: 9.5%, 1970: 8.5%) and “other products” (2005: 4.3%, 1970: 1.8%) are of 
minor importance in terms of mass.  

A comparison of trade and extraction data (and global production in the case of non-
ferrous metal) shows that the traded fraction of global extraction tends to be higher 
for certain point resources (petroleum, metals), and relatively low for more ubiquitous 
materials, in particular most biomass materials and construction minerals. Particularly 
high is the traded fraction of global extraction of petroleum (in 2005: 68%) and iron 
ores (in 2005: 66%). Furthermore, the results clearly indicate that a rising proportion 
of the global resource extraction for almost every commodity, where data has been 
available, is traded. Only trade in chemical and fertiliser minerals and nickel rose 
below the rate of extraction (see Table 5 and section: 4.2.1 Composition of trade 
flows and global extraction).  

1.14.4 Manufactures (increasingly) dominate monetary trade flows  

Relative prices of goods ($/kg) vary significantly from each other. One ton of gravel, 
wheat or petroleum is associated with a far lower monetary value than a ton of 
machinery, precious metals or telecommunication equipment (relative prices in 2005: 
petroleum: 0.27 $/kg; cereals: 0.19 $/kg; products from metal: 8.78 $/kg; other 
products: 4.40 $/kg - see Table 16 in the Annex). The monetary perspective reveals 
a different picture of the relevance of traded resources and goods than the 
measurement in mass units does. The five most traded commodities in terms of 
mass trade flows – petroleum, iron ores and steel, coal, natural gas and timber - 
                                                

68 Data on the development of tariffs indicate a gradual decline for almost every country from 1980 
onwards. Further, it is interesting that significant differences between agricultural and industrial goods 
can be observed for high income OECD-countries. Average tariffs for agricultural products are 
approximately four times higher than for industrial goods (World Bank Group 2012) 
69 Wacziarg and Welch (2003) defined a point of liberalisation, based on the Sachs and Warner criteria 
for 141 countries. From 1985 to 1995, the share of countries, which are defined as open, more than 
doubled, which represents the most accentuated rise in their time frame ranging from 1960 to 2000. 
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account for 65% of the total physical trade flows, while only for 19% in value. 
Contrarily, the monetary flows are dominated by two commodity groups, products of 
metal and other products. Both consist mainly of processed products, representing 
63% in trade value, but solely 8% in terms of mass (see Figure 4). The significance 
of primary materials is hardly valued in monetary figures of trade and the value of 
manufactures.  

Physical and monetary units emphasise distinctive stages of the economic value 
chain. It is interesting that the monetary composition of trade flows changed much 
more dynamically than in physical terms, which hardly altered in the 35 years 
observed. The results also suggest trade with manufactures gradually gains 
significance in both monetary and physical terms. Applying a simple segregation of 
primary and semi manufactured materials and manufactures70, the latter outgrew the 
remaining commodities almost 4-fold in physical terms and more than 2-fold in 
monetary terms (see Table 7). While the stake of processed products in total trade 
flows rose continually in physical terms it fluctuated heavily in monetary terms.  

 

Table 7: Processed products in % of total physical and monetary trade flows: 
Processed products are defined as the aggregate of the following commodity groups: 
products mainly from biomass (MFA code: 1.9.), products mainly from metals (MFA 
code: 2.3.), products mainly from non-metalic minerals (MFA code: 3.10.), products 
mainly from fossil energy carriers (MFA code: 4.6.) and other products (MFA code: 5.) 
(source: see section 3.2. data sources) 

1.15 The regional international division of labour 

1.15.1 Clear distinction between regions providing and consuming resources  

In aggregated terms, the big picture clearly distinguishes between net importing and 
net exporting geographical clusters (see section: 4.3. Regional trade balances). All 
regions show increased trade activities. Europe and Asia depend on large net 
imports for their supply with resources, in particular fossils fuels, biomass and metals. 

                                                

70 The level of aggregation at the 3-digit-level to distinguish clearly between raw materials and 
processed products is too imprecise to allow a detailed assessment of developments. However, to 
give a very rough estimate, a simple proxy has been calculated. Processed products are defined as 
the aggregate of products mainly from biomass, metals, non-metallic minerals and fossil energy 
carriers and other products (see Table 2).   

1970 1980 1990 2000 2005

5.3% 7.1% 10.8% 13.1% 13.6%

55.3% 50.5% 67.9% 74.1% 70.7%

Processed products in % of total physical and monetary trade flows                                            

Physical Trade Flows in % of total trade 
flows (in 1,000 mt)

Monetary Trade Flows in % of total 
trade flows (in Mio. $)
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Both regions together have net imports amounting to 2.5 Gt/y in 2005, equal to 15% 
of global trade flows. The tremendous surge of the Asian resource demand is 
reflected in a fast increase in the PTB from 1990 onwards, where the surplus even 
exceeded Europe’s net imports from 2000 onwards. Yet, net imports on a per capita 
basis remained low at 0.46 t/cap/y, one fifth of the average European (see Table 20 
in the Annex).  

These resource needs are satisfied by the net exporting regions: the Middle East and 
Africa, Latin America and countries not included in the sample of countries with 
complete trade data, in particular South Africa and the Former USSR (see Figure 6). 
The Middle East and Africa, including twelve out of 15 OPEC members, provide large 
amounts of petroleum (in 2005: 1.2 Gt/y) in exchange for biomass and metals. The 
trade balances of Latin America nearly represent a mirror image of Asia: rising net 
resource exports (petroleum, iron ores, primary crops) go along with increased 
imports of manufactures. The Rest of the World, including Russia, the country with 
the largest physical exports in 2005 (1.2 Gt/y), plays an increasing role as a global 
supplier for resources. Steadily increasing net exports compensate for Asia’s rising 
demand on a global scale. Northern America and Oceania’s import surplus of fossil 
fuels is compensated by exports of biomass and metals leading to a fairly even 
physical trade balance.  

1.15.2 Trade in resources is associated with disproportionately low monetary 
trade flows 

The monetary trade balances reflect only some results of the physical perspective. 
The massive net appropriation of resources of industrialised and emerging 
economies in Europe and Asia had limited economic effects. Europe’s expenditures 
for the import of fossil fuels and biomass are compensated for by revenues of exports 
of manufactures, mainly of products of metal. These revenues go along with net 
imports in most other metals. Asia’s revenues in products of metal and other 
products even exceed the deficits from fossil fuels and biomass resulting in positive 
balances from 1990 onwards. Africa and the Middle East, predominately OPEC 
countries and the Rest of the World are characterized by rising monetary surpluses. 
Latin America’s MTB fluctuated around an even balance.  

The difference between physical and monetary trade flows is particularly apparent for 
iron ores. The Industrialised Countries’ massive iron ore net imports amount to 1.4 Mt 
(∑ of PTB 1970, 1980, 1990, 2000 and 2005) for the five years observed together. 
Despite this the monetary trade balances in this commodity group shows a minor 
surplus of 2.6 bn$ (∑ of MTB 1970, 1980, 1990, 2000 and 2005). This suggests that 
the export revenues of processed iron ores to steel, falling in the same commodity 
group, compensate for the immense iron ore imports. On the contrary, countries such 
as Brazil and Australia hardly generated revenues out of their vast exports. In the 
case of Australia the net exports of iron ores, amounting to 235 Mt/y in 2005, resulted 
in a monetary surplus of 5 b$ in this commodity group. For Brazil net exports of 243 
Mt/y went along with a low monetary surplus of 11 b$, in 2005.  
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1.16 Societal metabolism and trade  

1.16.1 Physical trade depicts a far more stable picture of economic activities 

MFA appears to be a valuable instrument to analysis the structure of the world 
(trade) system. The physical and monetary trade balances deliver a different, but 
complementing perspective on international trade. In the literature, quantitative 
empirical research on trade so far is almost exclusively based on monetary 
indicators. The contrast arising in comparison to a physical perspective provides a 
different and more complex picture of global trade. The “subjective” monetary values 
attached to extracted, processed and traded goods differ significantly from “objective” 
physical properties. While the composition of trade in monetary terms is 
characterised by changes over time (e.g. due to fluctuating prices), the physical 
perspective is characterised by a far more stable, less dynamic development (see 
Figure 4). This can also be observed in the trade balances of regional and 
developmental cluster. To give an illustrative example: Europe’s PTB hardly changed 
in the observed time frame, but the net imports and exports in the MTB, particularly 
for petroleum and products of metal, fluctuate heavily (see Figures 6 and 7).  

1.16.2 Countries tend to import and export (larger amounts) of the same 
resource 

The development of trade balances are of utmost interest in regards to the above 
mentioned more static picture depicted by a physical than a monetary perspective on 
trade flows (see section 5.3.1 Physical trade depicts a far more stable picture of 
economic activities). The kind of resources countries (or cluster of countries) traded 
did not change substantially in physical terms, when looking at the physically most 
important trade flows in the trade balances (for this section see the trade balances of 
all countries in the Annex: Figures 14-25). The patterns found in the PTBs rather 
seem to intensify for many economies, in particular for developing countries. By this it 
is meant, that in 2005 countries (or cluster of countries) import and export, in terms of 
net trade flows, the same resource as in the years before, but in larger amounts (see 
for example the PTBs of Spain, Turkey or China in Figures 17 and 19 in the Annex). 
This is particularly observable from 1990 onwards, when developing economies 
increasingly participated in the global exchange of goods. Similar, but less 
pronounced trends can be observed in the monetary trade balances, where trade in 
processed products altered.71 A broad range of countries increased their imports or 
exports of manufactures. This is difficult to describe in quantitative figures. A 
qualitative discussion of trade balances at the country level is necessary. 

For most industrialized countries, no significant change, in terms of major net imports 
and exports, can be found in their PTBs. Some European economies (e.g. France, 
Germany, Belgium-Luxembourg, Netherlands and Switzerland – see Figures 15, 16 
and 17 in the Annex) have over the years an almost identical PTB. Other 
industrialized economies have a similar composition of the PTB over the years, but 
increasing amounts of net imports and exports of these commodities. This can be 
observed most importantly for the United States, Japan, the Southern European 
                                                

71 Note, that this discussion refers only to the physically or monetary most important net trade flows. 
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countries (Greece, Spain and Portugal) and some smaller economies (Israel, New 
Zealand, Singapore, Iceland and Ireland). Further, such a pattern, where over the 
time similar resources in larger amounts are traded, is particularly true for three of the 
point resource-exporting industrialized countries (Australia, Canada and Norway) 
(see Figures 14-17 in the Annex). These countries export the same resource as in 
1970, but in tremendously increased amounts. Only two countries of the cluster of 
industrialized countries72 were subject to significant alterations in the composition of 
their trade balances: Denmark and United Kingdom, both having started to exploit 
their deposits of fossil fuels (see Figure 15 and 17 in the Annex).  

Looking at the trade balances of developing countries, such patterns, where “more of 
the same” is imported and exported, are even more pronounced. In 2005, the PTB of 
almost every of the 27 developing economies73 under scrutiny in this study appear 
like a multiplied version of the PTB in 1990 (see Figures 18-22 in the Annex). China, 
India, South Korea, Turkey and various Central American countries represent fine 
examples.  

1.16.3 Industrial regimes dependent on the existence of a resource rich export 
regions 

Apart of few resource-rich exceptions (such as Australia, Canada and Brazil), the 
industrialised (and, increasingly, the emerging) countries maintained a heavy 
dependency on the availability of external resources throughout the 35 years 
observed, most importantly fossil fuels and iron ores. These net imports represent a 
large share of the Domestic Material Consumption for most industrialized countries. 
To give some example of the relative physical trade balance (rPTB = PTB/DMC) of 
some, large economies for 2005: France 21%, Germany 19%, Italy 29%, Japan 48%, 
United States 12% and  United Kingdom 17%.  

Most or the resources that industrial and emerging economies need to import are 
provided by only a small number of countries rich in these point resources, in 
particular the Major Oil exporting Countries, Russia, Brazil, Australia and Canada. 
These together have net exports amounting to 3.5 Gt/y in 2005, slightly more than 
20% of global trade flows74. The dependency of industrial regimes on imports already 
resulted in political strategies that are fairly questionable in regard of sustainable 
development (e.g. recent efforts to tap unconventional fossil fuels in the United 
States). 

While the monetary balances of the industrialised countries fluctuated up and down, 
trade patterns in physical terms did not alter much: Hardly any industrialised country 
managed to significantly reduce its dependency on net imports of fossil fuels and 
metals necessary for the maintenance of its economic system (see above, section: 
5.3.2 Countries tend to import and export (larger amounts) of the same resource). 
Only Denmark, having started to exploit its own petroleum deposits, shifted 

                                                

72 Note that th cluster industrialized countries does not include four point-resource exporting 
industrialized countries 
73 Note that the cluster of developing countries does not include the major oil exporting countries  
74 Note, again, that global trade flows are always calculated as the sum of imports and exports divided 
by two. 
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significantly towards an even physical trade balances. The industrial countries can 
only maintain their current metabolic profile due to the existence of a resource-rich 
counterpart. An analysis of global trade, based exclusively on monetary figures, 
would suggest a, by far, lower relevance to the massive resource dependency of 
countries with an industrial metabolic regimes.  

1.16.4 The metabolic transition of emerging economies resembles some 
pattern of the industrial countries 

 “Contemporary developing countries, despite a different world context, appear to 
have a metabolic profile that in many ways resembles that of the historic agrarian 
regime or transitory states between the regimes” (Krausmann et al. 2008, p.638). 
While this transition happened in most industrialised countries before the observed 
period, in many of the emerging and developing countries the process of 
industrialization began to accelerate in the observed period, in particular from 1990 
onwards. This process had a tremendous impact on the international trade flows.  

Some emerging economies are characterized by PTBs, which resemble in many 
ways those of the resource importing majority within the industrialised world. This is 
reflected in the physical trade balance of the cluster of developing countries (see 
Figure 7). In 1990 this cluster has been a net exporter of resources with net exports 
amounting to 139 Mt/y. Increasing imports of point resources (petroleum, iron ores) 
contributed to a shift in the trade balance. Despite increasing resource exports of 
some economies in this cluster (e.g. Latin America countries – see Figure 6), the net 
imports rose to 377 Mt/y in 2005.  

The Republic of Korea and, more recently, China are good examples for the 
transition to an industrial regime (see 5.3.4 The metabolic transition of emerging 
economies resembles some pattern of the industrial countries). Lacking sufficient 
exploitable deposits, the dependency on the import particularly of point resources 
(fossil fuels and metals) from outside the territorial borders surged. Korea’s PTB 
surplus increased from 16 Mt in 1970 to 282 Mt in 2005. China, a net exporting 
economy in 1990, became dependent on the import of resources, with net imports 
rising to 395 Mt/y in 2005. Other big industrializing economies are subject to differing 
trade patterns (see Figures 18-22 in the Annex). Apart of China and South Korea, 
also Turkey and the Philippines are characterized by fast increasing needs of basic 
resources. Brazil (iron ores), Mexico (petroleum), and Malaysia (natural gas), on the 
contrary, provide the world market with large amounts of basic commodities. 
Thailand is somewhat in between, high imports of fossil energy carriers are almost 
equalised by exports of primary crops and minerals for construction use.  

The trade balances of the majority of countries in the cluster of developing 
countries75 are characterized by rising net imports of fossil fuels and metals (see 
Figure 18-22 in the Annex). Only few countries do not fall in line with similar 
development, most importantly countries with exploitable deposits of point resources, 
in particular petroleum, natural gas and iron ores (e.g. Egypt, Malaysia, Argentina, 
Colombia, Trinidad Tobago, India, Brazil, Chile, and Mexico). The industrialisation of 
                                                

75 Note that this cluster excludes the major oil exporting countries but include four least developed 
countries 
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the emerging economies has led to an increased importance of the global 
reallocation of point resources.  

In the light of the industrialization of various semi-peripheral economies (e.g. China, 
South Korea), which increasingly need their resources to meet their own demand and 
even become net importers of materials, the continuation of recent developments in 
global trade and social metabolism in general are rather questionable. Their 
increasing resource demand is reflected in the growth rates of certain commodities 
important for industrial regimes. Coal and iron ores, two commodities of high 
relevance in terms of mass, follow a progressive trend (see Table 17 in the Annex). 
Furthermore, the rising energy demand is reflected in the rapidly increasing imports 
of natural gas and coal to compensate for increasingly expensive petroleum (“peak 
oil”). It worth noting that, in 2005, the emerging economies still did not depend that 
much on the import of resources as the industrialized countries. Net imports are still 
far lower on a per capita basis as well as compared to the DMC (see Table 21 and 
22). To give some examples of large emerging economies and their relative trade 
balances (rPTB=PTB/DMC) in 2005: China: 4%, India: 2% and Turkey: 11%. If China 
had per capita net imports of the industrialized countries (2005: 3.3 t/cap/y – see 
Table 21 in the Annex) this would results in PTB surplus of 4.4 Gt/y along with 
tremendous impacts on the global trade system.   

1.16.5 Population density and trade  

One further aspect of some of these core countries should be highlighted. Population 
density is suggested as one of the main indicators to influence the international trade 
relations in terms of mass Weisz et al (2006) since “[…] low resource availability may 
constrain the possibility to economize in material intensive sectors and by this 
encourage high net imports and hence the externalisation of materially intensive 
processes” (Weisz et al 2006, p.694). Yanikkaya (2003) concludes that a high 
population density contributes to economic growth through higher trade flows. The 
four most densely populated industrialised countries76 - South Korea, Japan, 
Belgium-Luxembourg and Switzerland – are characterised by a disproportional 
dependency on external resource along with a surplus in the monetary trade balance. 
Through trade these countries have more physical as well as monetary resource and 
can therefore be considered quite successful in their international relations. Some of 
the countries with the lowest population density in the world (Australia, Canada, 
Former USSR, Brazil and Argentina) are the most important resource providers in the 
global trade system. However, a statistical analysis on factors influencing mass trade 
flows would be necessary to reveal more insights hereon.  

1.17 Trade patterns in the world system 

Provision and accumulation of resources and trade in manufactured products are 
central to the concept of Unequal Exchange and the World System Theory (see 
section 2.3 Unequal exchange in an interdependent world). According to the WST, 
the core imports resources from and exports manufactures to the periphery and vice 
                                                

76 excluding small island and city states. Note, that South Korea can be considered industrialized 
country in 2005.   



 - 76 - 

 

versa. The semi-periphery is somewhat in between, combining features of both the 
core and the periphery. The high relevance of manufactures and point resources 
mentioned above is even more accentuated when looking at the trade balances of 
country clusters, but also of the individual countries. The PTBs are largely shaped by 
fossil fuels and iron ores, the monetary trade balances by import or export of 
manufactures (products of metal, other products). A country’s trade pattern in these 
commodities has a strong influence on its relative trade balances.  

Despite fairly clear trends the uncertainties associated with the data have to be 
considered. The high level of aggregation and difficulties to clearly classify some 
traded commodities is hampering a systematic assessment of the international 
division of labour based on physical data. The two dimensional perspective of raw 
material and manufactures is too limited to adequately reflect the factor technology in 
production processes. Lin (1997) defines five partly redundant kinds of goods and 
their properties (see Table 8 in the Annex). Three77 of these could be interesting for a 
more detailed assessment of trade in the world system. This would require a deeper 
understanding of the classification system of commodity groups and a different 
allocation, especially for the data retrieved from UNcomtrade. 

Chase-Dunn, Kawano and Brewer (2000) provide a classification of countries 
according to the World System Theory (see Table 24 in the Annex for a classification 
of the countries of the selected countries sample), which, in the following, will be 
discussed in the context of the results of this study. For a number of countries the 
classification is questionable when only looking at their international trade relations.   

Looking at the aggregated data, it is evident that the core countries (Table 24 in the 
Annex), which are almost identical to the industrialized countries and the point 
resource exporting countries, appropriated vast amounts of resources (see section 
4.4.1 Industrialised Countries), first and foremost fossil energy carriers and, in lower 
quantities, metals. Net imports of the industrialized countries rose to 2.9 Gt/y in 2005, 
equal to 3.2 t/cap/y. The few exceptions of separately treated point resource 
exporting industrialized countries increased their net export to 1 Gt/y in 2005, equal 
to 14.9 t/cap/y.  

Looking at the other side of the coin, the MTBs, it is more difficult to arrive at a clear 
conclusion. Net revenues of the industrialised countries’ manufactures, the major 
income source within commodity trade, perpetually declined from 1980 onwards. The 
production mainly of (semi-)manufactured goods shifted continually to the Asian 
semi-periphery, in particular China and South Korea. Their additional demand for 
natural resources, in terms of weight net imports amounting to 677 Mt/y in 2005, and 
increasing supply of manufactured products represents the most noticeable temporal 
development at the aggregated level (see also section: 4.4.3 Developing Countries). 
This had substantial effects on the trade patterns of other countries.  

                                                

77 (1) Ricardo goods (Goods using natural resources in production): Food, fibres, minerals, paper, 
non-ferrous metals, oils, ores, raw fuels; (2) Heckscher-Ohlin-Goods (Goods using standard 
technology): Beverages, tobacco, cement, floor coverings, glass, pottery, ferrous metals, cars, metal 
products, locomotives, ships, domestic appliances, books, furniture, clothing, jewellery, stationary (3) 
Product-Cycle-Goods (Goods using advanced technology): Chemicals, medicines, plastics, dyes, 
fertilizers, explosives, machinery, aircraft, instruments, clocks, munitions 
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Various industrialized countries are increasingly net importer of manufactures in 
monetary terms (see Figures 15-17 in the Annex). The United States represent an 
interesting example for changing trade relations. Exports of primary crops and, to a 
declining degree, of coal are opposite massively risen net imports for most other 
material groups, most importantly fossil energy carriers, in physical terms, and 
manufactures (products of metal, other products), in monetary terms. The PTB 
surplus rose to 816 Mt/y, the MTB deficit to 606 bn$/y. This pattern is also identifiable 
for the focal countries of the recent economic crises: Spain, Portugal and Greece. 
From 1990 onwards their trade balances show similar trends: dependency on the 
import of resources and “technology”78. A continuation of this trend would question, 
whether these countries can be considered core countries on the basis of their trade 
patterns according to the World System Theory.  

This development cannot be observed for some of industrialised countries in Europe, 
Japan and South Korea, which seem economically more successful in their trade 
relations than other industrial regimes. Having a surplus in both trade balances, PTB 
and MTB, they increased the financial as well as the natural resources available for 
their economies through trade. In 2005, eight countries import vast amounts of 
commodities along with a positive monetary trade balance (see Figure 8 and Table 
22 in the Annex). 79 The results suggest that these economies have manifested their 
position in the core of the world economic system.  

China and Korea are both defined as semi-periphery according to Chase-Dunn, 
Kawano and Brewer (2000). Increasing net imports of resources have been 
accompanied by a rising MTB surplus through the exports of manufactures. From 
2000 onwards, Korea’s export revenues of metal products more than compensated 
the value of its net imports - mainly of fossil energy carriers, but also metals and 
biomass. The Chinese PTB is dominated by Iron ores and steel, where imports even 
exceed the net imports of petroleum. While in 1990 China has been a net exporter of 
petroleum, in 2005 petroleum represents the second most imported commodity. The 
income generated through the export of other products and, to a lesser extent, 
products of metal is responsible for the positive economic balance. PTB and MTB 
indicate a rapid transformation from minor trade relations with the outside world to an 
economy which exports (semi-)manufactured products while importing overwhelming 
amounts of raw materials. From this perspective these two economies are 
characterized by trade patterns, which resemble those of the core in the World 
System Theory.  

Few countries have deficits in both balances (see Table 22 in the Annex). Australia’s 
trade balances suggest that the exploitation of deposits is – at least in their case - not 
a successful orientation in international economic relations. Furthermore, the 
absolute trade balances of New Zealand and Iceland, both exporting biomass and 
importing fossil fuels and manufactured products, indicate rising deficits in both 

                                                

78 Such pattern can also be identified for Malta and, to a lesser extend, for the territory of Former 
Yugoslavia and the United Kingdom, where the increasing extraction of its fossil deposits is clearly 
visible in the PTB. 
79 Such trade balances can also be observed for China. However, these flows are, compared to the 
size of China’s DMC and GDP, rather small in relative Terms (in 2005: rPTB: 3%; rMTB: 4% - see 
Table 22 in the Annex). 
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terms, hence, a worsening PTB / MTB relation. Focusing on their international trade 
relations these countries could therefore not be considered core countries as Chase-
Dunn, Kawano and Brewer (2000) do. 

1.17.1 Increasing division of labour  

It is important to clearly distinguish between trends identified at the aggregated level, 
shaped largely by a few large economies, and the conclusions drawn when looking at 
the country-level. Looking at the absolute and relative trade balances of countries 
individually, the clear distinction between industrialised / developmental and core / 
(semi-) / peripheral countries, based solely on trade patterns, becomes blurred. 
However, some homogenous patterns can be identified at the country level on the 
basis of relative trade balances and trade in manufactures and point resources. 
Despite a more evenly distribution of trade flows on the participating countries (see 
Table 6, 19 and discussion on GINI coefficients in section 4.2.1 Composition of trade 
flows and global extraction), the international division of labour appears increasingly 
pronounced. Except for the Major Oil exporting Countries the surpluses and deficits 
of the trade balances increased for most of the countries (see section 5.3.2 Countries 
tend to import and export “more of the same” and Table 22 in the Annex). The 
relevance of trade, whether absolute or relative, at the country level is more 
important in 2005 than 1970. The rPTBs (ratio of physical net trade flows to the 
Domestic Material Consumption), and the rMTBs (ratio of monetary net trade flows to 
the GDP) has been applied to study the relative importance of trade for countries. 
Some differing patterns can be distinguished on the basis of the relative trade 
balances (see Figure 12):  

The countries dependent on substantial resource imports are almost exclusively 
countries with industrial metabolic regimes. The number of countries in this cluster 
rose from 16 to 22. In many countries, the high or increasing appropriation of raw 
materials, predominately fossil energy carriers, through trade is financed by the sale 
of manufactures. These characteristics very much fall in line with the core within the 
World System Theory. Particularly South Korea, Singapore and Ireland are 
characterised by tremendously increased surpluses in both balances. Increasing net 
resource imports are accompanied by higher financial revenues through the sale of 
manufactured products.  

The number of countries in high monetary trade deficits doubled in the observed 
period (1970: 7, 2005: 14), mainly due to an increasingly dependency on net imports 
of manufactured products (see Figure 10). For the majority of countries in this cluster 
the monetary deficits are accompanied by net imports, mainly of fossils fuels and 
metals. This is particularly true for five Central American countries and three 
emerging economies, which do not belong to this cluster - India, Turkey and the 
Philippines. The long-term ability to uphold such international trade relations, heavily 
dependent on the availability of external resources and manufactures, is more than 
questionable if not compensated through other means (e.g. revenues through 
services, money transfer from emigrants).  

The resource providing countries (1970: 23 countries, 2005: 24) are mainly oil 
exporting countries.  International relations and societal metabolism, especially the 
domestic extraction, are arguably more closely linked than in other economies. The 
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proposition, that an export-orientation on the primary sector is necessarily 
unfavourable cannot, at least by the comparison of trade balances from 1970 to 
2005, be confirmed. With a few exceptions (Trinidad and Tobago, Tunisia, Morocco 
and Togo in 1970 and Iceland, Australia, Colombia and Ecuador in 2005), the 
resource exports manifest themselves in a monetary trade surplus. Further, net 
imports of manufactures can clearly be asserted for most of them. This is also true 
for the resource exporting industrialised countries Australia, Canada and Norway. 
Only Malaysia and Brazil differ, having a monetary surplus from trade in 
manufactures (see Figures 15, 17, 19 and 20 in the Annex).  

The decreased number of countries with (relatively) even balances from 28 in 1970 
to 14 in 2005 undermines the idea of an increasing division of labour this at the 
country level (see Figure 11).  

Figure 12: Homogenous clusters of countries based on their absolute and relative 
trade. Note that the size of the boxes represents only a very rough approximation of 
the range of the clusters’ relative trade balances. For a definition of the four cluster 
see 4.5.1 The relation of PTB and MTB.  

 

1.18 Environmental impacts and trade  

Two different environmental impacts have to be considered in the context of trade. 
Firstly, there are effects directly related to the transportation of goods, such as the 
required energy and infrastructure or the risks of spills (e.g. pipelines). The United 
Nations (2012, p.126) state: “With transport depending heavily on oil for propulsion, 
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the sector emits large amounts of GHGs (notably CO2) and other air emissions such 
as nitrogen oxides (NOx), sulphur oxides (SOx), volatile organic compounds, 
particulate matter and lead. All these emissions have negative impacts on human 
health, the environment (climate, water quality, soil quality, biodiversity, land take, 
land use, congestion and noise)” Furthermore the development of transportation 
infrastructure had substantial direct and indirect effects on the local ecosystems. It is 
difficult to estimate the aggregated contribution to environmental pressures. Yet, 
compared to the monetary units, the mass of a commodity delivers a much more 
precise pressure factor for certain environmental impacts, such as the energy 
requirement for the transportation. The energy demand for transportation (incl. 
passenger traffic) in general and, more limited, on logistics has been studied by 
various international organisation (e.g. IEA 2009). For transnational trade no 
comprehensive data is available. Maritime shipping is the most important means of 
transportation for the international transfer of bulk material and subject to an 
increasing energy demand rising above average.80 “According to the International 
Maritime Organization (IMO), shipping was estimated to have accounted for 3.3% of 
the global emissions during 2007. International shipping was estimated to be 
responsible for 2.7% of the global emissions of CO² in 2007 […] the large scale of 
transport energy consumption and CO2 emissions is due mainly to land modes, in 
particular haulage by road (United Nations 2012, p.130ff).” The associated 
environmental impacts are very much dependent on the means of transportation 
(Lawson 2007). Long-distance maritime shipping is comparably efficient compared to 
regional road haulage. Thus, the increasing global transfer of point resources 
between the world regions, largely by maritime shipping, is, in 2005, most probably 
still associated with a minor fraction of the energy demand of the transport sector in 
general81.   

Secondly, impacts related to the production of commodities have to be regarded, 
since some environmental impacts of extraction and processing do not cross the 
customs, but have an impact in the exporting country. The importing country can 
“export” some of the environmental impacts of its consumption patterns (see section 
2.3 Unequal exchange in an interdependent world and 3.1.2 Methodological 
shortcomings). Analysing the metabolism of a country offers two perspectives: a 
production-based perspective, that focuses on the flows arising out of the provision of 
commodities within national borders, and a consumption-based view, emphasising 
those flows that are associated with the actual consumption and, thus, including 
effects of trade. An increasing body of literature is dealing with these indirect effects 
(e.g. Andreoni et al. 2012, Hertwich and Peters 2009, Seppälä et al 2008 and the 
references in Muñoz et al. 2009,). Andreoni et al (2012) estimated the indirect 
environmental impacts of trade flows. In all six impact categories the European 
Union, the United States and Japan have externalized environmental pressures. On 
the contrary Brazil, India, China, Russia and their aggregate of the rest of the world 
internalized the environmental impacts of the industrialized countries’ consumption. 
Except for China and India the results of the PTBs point in the same direction.   
                                                

80 “Container shipping fuel use has risen the fastest, and may rise much more in the future; projections 
of up to an 8-fold increase for container shipping to 2050 have been made.” (IEA 2009) 
81 13% of all world greenhouse gases emission can be attributed to the transportation sector, 5,5% are 
related to logistics (United Nations 2012) 
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Since a MFA of trade solely is only concerned with the mass crossing the border the 
associated ecological rucksack is left behind in the country of origin. The ecological 
rucksack can have a significant impact on the results of a country’s Total Material 
Requirement, in particular considering import and export of ores (e.g. Bringezu and 
Schütz 2009, Muñoz et al. 2009). Bringezu (2004) discussed this topic for the specific 
case of Chile, where the copper extraction has a significant impact of the results of 
the MFA. A PTB, with or without indirect flows, does not provide a precise 
quantification on the net environmental impact of a country’s commodity exchange. It 
is common sense that a reductionism on weight contains relevant uncertainties. 
Despite this, PTB can help to link commodity trade, in particular regarding bulk 
material, with some environmental impacts, in the producing or the consuming 
country. Bringezu and Schütz (2006), calculating the indirect flows for Europe, 
showed that particularly metals, of which most are in terms of mass of low relevance 
on terms (e.g. precious metals), contribute significantly to indirect environmental 
impacts. The regional clusters of Europe and Asia are both net importers in almost 
every metal at the 3-digit-level (see Figure 6 and discussions in section 4.3 Regional 
trade balances), the environmental impact of extraction are externalised. The 
associated monetary flows are of comparably low importance. The integration of 
environmental aspects into the prices formation (e.g. ecological trade tariffs) could be 
a useful political instrument to compensate for the externalities in the country of 
origin.  

From an ethical viewpoint, it is difficult to challenge the argument that each, current 
and future, global citizen is given equal rights to appropriate resources and utilise the 
global sink capacities of the eco-systems. At the same time resources and population 
are unequally distributed. Due to the complexity of this matter, it is difficult to define 
the biophysical limits of the global eco-system and translate them into precise figures 
for a national or a global citizen’s „fair share“, in particular regarding the distribution 
of resources. The Ecological Footprint represents one of the most important methods 
to quantify such “equal ecological rights” at the global level (Wackernagel 1996, 
WWF 2012). The high ecological footprint of industrialized countries can be linked to 
the trade flows in this study. Most obvious are the massive net imports of fossil fuels 
of most industrial regimes. In 2005, the net petroleum imports of Europe amounted to 
1 t/cap/y. The combustion of these trade flows would almost entirely eat up the “fair 
carbon budget” 82 for a citizen. Another example worth mentioning is the export of 
Latin American soy (Brazil, Argentina) to the Europe for the production of animal 
products (e.g. meat, dairy products). Through these imports the countries of the 
European Union indirectly demand an area of almost 15 Mio. ha, of which 13 Mio. ha 
lie in Latin America (WWF 2011). Hence, these trade flows are closely link to 
unsustainable dietary patterns in Europe.    

The transfer of resources to the industrial cores necessarily reduces the ability for the 
region or country of origin to seize those resources for their own development. This is 
particularly true for limited resources such as fossil energy carriers or metals. Here, 
the physical surpluses and deficits, compared to global extraction and estimated 
deposits, roughly approximate the relevance of trade within current and future 

                                                

82 In the case of climate change the „Contraction and convergence“-scenario suggests a carbon 
budget of 2,7 ton of CO²e for each global citizen (WBGU 2003). 
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resource constraints. The trade patterns of the “old” industrial regimes, in particular in 
terms of net imports on a per capita basis, cannot be envisioned for the developing 
economies (see the example of China in section: 5.3.4 The metabolic transition 
of emerging economies resembles some pattern of the industrial countries). A huge 
resource exporting counterpart would be necessary for such a development. A 
change of current trade patterns, first and foremost in industrial regimes, is an 
essential requirement for a transition towards sustainable development.  
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ANNEX 

1.19 Figures and Tables for Section 3: Method and data 

Table 8: Classification of commodities according to Lin (1997) 

 

Name of Group  Property of Group Commodity included in Group SITC Rev.1 

Industrial Goods 

for consumers 

Goods used 

predominately by 

consumers 

Medicinal and pharmaceutical products, 

perfumery, soaps, travel goods, clothing, 

footwear 

541, 551, 553-4, 831, 841-2, 851 

Industrial Goods 

for production 

Goods used primarily for 

production and 

investment 

Inorganic chemicals, radioactive material, 

dyes, veneers, plywood boards, building 

materials, minerals, manufactures, iron and 

steel, metals, machinery, electrical 

machinery, road motor vehicles 

513-5, 532, 631, 661-3, 671-9, 681-9, 

691-2, 711-2, 714-5, 717-8, 722-4, 726, 

729, 732 

Ricardo goods Goods using natural 

resources in production 

Food, fibres, minerals, paper, non-ferrous 

metals, oils, ores, raw fuels 

011-3, 022-5, 041-8, 051-5, 061, 071-2, 

074-5, 121, 242-3, 251, 261-3, 271, 

274, 281, 283, 285, 321, 331, 341, 411, 

421-2, 431, 667, 687-7?, 689  

Heckscher-Ohlin-

Goods 

Goods using standard 

technology 

Beverages, tobacco, cement, floor coverings, 

glass, pottery, ferrous metals, cars, metal, 

products, locomotives, ships, domestic 

appliances, books, furniture, clothing, jewelry, 

stationary 

111-2, 122, 273, 533, 551, 553-4, 611-

3, 621, 629, 651-7, 661-2, 664-6, 671-9, 

691-8, 724-5, 731-3, 812, 821, 831, 

841-2, 851, 892-5, 897 

Product-Cycle-

Goods 

Goods using advanced 

technology 

Chemicals, medicines, plastics, dyes, 

fertilizers, explosives, machinery, aircraft, 

instruments, clocks, munitions 

512-5, 521, 532, 541, 561, 571, 581, 

711-2, 714-5, 717-8, 722-3, 726, 729, 

734, 861-2, 864, 951 
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Table 9: Top scoring Materials ranked on four selected environmental impact 
categories, and on weight (Voet et al. 2004) 
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Table 10: Volume-Mass Conversion Factors for UNcomtrade data reported in 
volumes in litres83 

 

 

Table 11: Ratio of import to export trade flows of all reporting countries by each 
source (source: see section 3.2. data sources) 

 

 

                                                

83 Conversion factors are based on data collections available from the material flow database at the 
Inst. of Social Ecology and Walker (2008). 

Uncomtrade 
SITC-Code

Commodity Group
Conversion factor (in 

kg / l)
53 Fruit,preserved and fruit preparations 1

111 Non alcoholic beverages,nes 1
112 Alcoholic beverages 1
241 Fuel wood & charcoal 0.206
242 Wood in the rough or roughly squared 0.6
243 Wood,shaped or simply worked 0.6
244 Cork, raw and waste 0.24
273 Stone, sand and gravel 1.922
321 Coal,coke & briquettes 0.9
331 Petroleum, crude and partly refined 0.8
332 Petroleum products 0.8
341 Gas,natural and manufactured 0.0008
411 Animal oils and fats 0.9
421 Fixed vegetable oils, soft 0.9
422 Other fixed vegetable oils 0.9
431 Anim./veg. Oils & fats,processed,and waxes 0.9
512 Organic chemicals 1
513 Inorg.chemicals elems.,oxides,halogen salts 1
514 Other inorganic chemicals 1
521 Crude chemicals from coal,petroleum and gas 0.8
533 Pigments, paints, varnishes & related materials 1
551 Essential oils, perfume and flavour materials 0.9
553 Perfumery, cosmetics, dentifrices, etc. 1
631 Veneers,plywood boards & other wood,worked,nes 0.6
632 Wood manufactures,nes 0.6
641 Paper and paperboard 1.2



 - 86 - 

 

Table 12: Calculation of the GDP deflator (source: see section 3.2. data sources) 

  

Year
World GDP (in current 

prices mio $)
World GDP (in constant 

prices 1990$) Price Deflator

2005 45,102,992 33,354,836 0.740

2000 31,897,109 29,080,803 0.912

1990 22,148,902 22,148,902 1.000

1980 11,825,935 16,737,366 1.415

1970 3,271,563 11,492,048 3.513

GDP Price Deflator                                                             (World 
GDP in constand prices / World GDP in current prices)
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1.20 Figures and Tables for Section 4: Results 

Table 13: Comparison with Dittrich's (2010) results at the country level (source: see 
section 3.2. data sources)  
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Table 14: Physical trade flows for commodities at the 3-digit-level (source: see section 
3.2. data sources) 
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Table 15: Monetary trade flows for commodities at the 3-digit-level (source: see 
section 3.2. data sources) 

  



 - 90 - 

 

Table 16: Relative prices of traded commodities at the 3-digit-level (source: see 
section 3.2. data sources) 
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Table 17: Changes of the relative prices (in $/g) at the 3-digit-level in % (source: see 
section 3.2. data sources) 
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Table 18: Top 10 commodities traded within products of metals and other products 
(source: see section 3.2. data sources) 
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Figure 13: Composition of Global Material Extraction and Trade Flows (source: see 
section 3.2. data sources) 
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Table 19: Gini-Coefficients of physical and monetary import and export trade flows for 
1970 and 2005 (source: see section 3.2. data sources) 

 

1970p 1970m 2005p 2005m 1970p 1970m 2005p 2005m

1.1.1. Cereals, primary and processed 0.68 0.68 0.57 0.53 0.89 0.85 0.84 0.70
1.1.2. Roots and tubers, primary and processed
1.1.3. Sugar crops, primary and processed 0.74 0.79 0.58 0.59 0.75 0.73 0.78 0.65
1.1.4. Pulses, primary and processed n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.
1.1.5. Nuts, primary and processed n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.
1.1.6. Oil bearing crops, primary and processed 0.75 0.80 0.61 0.71 0.86 0.90 0.86 0.85
1.1.7. Vegetables, primary and processed 0.80 0.79 0.70 0.70 0.79 0.73 0.78 0.74
1.1.8. Fruits, primary and processed 0.77 0.78 0.68 0.71 0.72 0.68 0.67 0.65
1.1.9. Fibres, primary and processed 0.73 0.68 0.71 0.61 0.80 0.70 0.88 0.74

1.1.10. Other crops (Spices. Stimulant crops, Tobacco, 
Rubber and other crops), primary and processed

0.72 0.76 0.65 0.67 0.73 0.73 0.70 0.65

1.2. Crop residues 
1.3.1. Fodder crops

1.5.1. Timber, primary and processed (incl. pulp and paper) 0.78 0.74 0.68 0.64 0.59 0.79 0.75 0.70

1.5.2. Wood fuel and other extraction, primary and 
processed

0.76 0.72 0.75 0.68 0.67 0.84 0.88 0.76

1.6. Fish capture, crustaceans, molluscs and aquatic 
invertebrates primary and processed

1.8.1. Live animals other than in B 1.6. 0.79 0.83 0.80 0.74 0.78 0.77 0.85 0.77
1.8.2. Meat and meat preparations 0.81 0.84 0.70 0.74 0.81 0.79 0.79 0.75
1.8.3. Dairy products, birds eggs, and honey 0.67 0.74 0.69 0.66 0.85 0.82 0.79 0.75

1.8.4. Other products from animals (animal fibres, skins, 
furs, leather etc.)

0.73 0.75 0.66 0.66 0.87 0.75 0.78 0.65

1.9. Products mainly from biomass 0.77 0.74 0.67 0.62 0.83 0.69 0.75 0.65
2.1. Iron ores and concentrates, iron and steel 0.83 0.69 0.71 0.64 0.78 0.79 0.81 0.68
2.2.1. Copper 0.79 0.78 0.69 0.69 0.82 0.82 0.76 0.69
2.2.2. Nickel 0.84 0.83 0.77 0.77 0.90 0.90 0.86 0.81
2.2.3. Lead n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.
2.2.4. Zinc 0.74 0.74 0.71 0.70 0.84 0.84 0.80 0.76
2.2.5. Tin 0.81 0.82 0.77 0.77 0.90 0.91 0.88 0.83
2.2.6. Gold, silver, platinum and other precious metals
2.2.7. Aluminium 0.75 0.74 0.68 0.67 0.84 0.83 0.73 0.68
2.2.8. Uranium and thorium n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.
2.2.9. Other metals 0.87 0.83 0.78 0.75 0.74 0.75 0.79 0.71
2.3. Products mainly from metals 0.64 0.65 0.61 0.64 0.81 0.83 0.77 0.73
3.6. Chemical and fertilizer minerals 0.66 0.61 0.61 0.59 0.81 0.79 0.79 0.70
3.7. Salt
3.8. Other mining and quarrying products n.e.c. 0.79 0.78 0.67 0.76 0.76 0.79 0.72 0.80
3.10. Products mainly from non-metalic minerals 0.71 0.70 0.60 0.64 0.81 0.81 0.76 0.71
3.1. Ornamental or building stone n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.
3.2. Limestone, gypsum, chalk, and dolomite 0.77 0.73 0.63 0.63 0.72 0.74 0.70 0.67
3.3. Slate
3.4. Gravel and sand 0.86 0.78 0.74 0.69 0.84 0.79 0.77 0.68
3.5. Clays and kaolin 0.74 0.69 0.56 0.57 0.80 0.82 0.80 0.78
4.1. Brown coal incl. oil shale and tar sands
4.2. Hard coal 0.81 0.81 0.71 0.70 0.93 0.91 0.92 0.86
4.5. Peat
4.3. Petroleum 0.73 0.74 0.66 0.65 0.83 0.80 0.70 0.64
4.4. Natural gas 0.89 0.85 0.78 0.77 0.96 0.90 0.88 0.82
4.6. Products mainly from fossil energy carriers 0.69 0.65 0.69 0.66 0.84 0.84 0.73 0.72
5. Other products 0.69 0.69 0.63 0.66 0.78 0.79 0.68 0.69

Minimum Gini coefficient 0.64 0.61 0.56 0.53 0.59 0.68 0.67 0.64
Maximum Gini coefficient 0.89 0.85 0.80 0.77 0.96 0.91 0.92 0.86
Arithmetic mean of all Gini coefficients 0.76 0.75 0.68 0.67 0.81 0.80 0.79 0.73
Median of all Gini coefficients 0.76 0.74 0.68 0.67 0.81 0.79 0.78 0.71

p=physical trade flows; m=monetary trade flows

n.a. n.a.

n.a. n.a.

n.a. n.a.

n.a. n.a.

n.a. n.a.

n.a. n.a.

n.a. n.a.
n.a. n.a.

Gini coefficient for import flows Gini coefficient for Export flows

GINI-Coefficient of physical and monetary import and exports flows in 1970 and 2005

n.a. n.a.
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Table 20: Trade statistics of five regional clusters in 1970 and 2005 (source: see 

section 3.2. data sources) 

 

 

Table 21: Trade Statistics of four functional clusters of countries in 1970 and 2005  
(source: see section 3.2. data sources) 
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Figure 14: PTBs and MTBs at the country level (source: see section 3.2. data sources, 
note that y-axis scaling is not kept constant between countries)  
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Figure 15: PTBs and MTBs at the country level (source: see section 3.2. data sources, 
note that y-axis scaling is not kept constant between countries) 
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Figure 16: PTBs and MTBs at the country level (source: see section 3.2. data sources, 
note that y-axis scaling is not kept constant between countries) 
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Figure 17: PTBs and MTBs at the country level (source: see section 3.2. data sources, 
note that y-axis scaling is not kept constant between countries) 
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Figure 18: PTBs and MTBs at the country level (source: see section 3.2. data sources, 
note that y-axis scaling is not kept constant between countries) 
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Figure 19: PTBs and MTBs at the country level (source: see section 3.2. data sources, 
note that y-axis scaling is not kept constant between countries) 
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Figure 20: PTBs and MTBs at the country level (source: see section 3.2. data sources, 
note that y-axis scaling is not kept constant between countries) 
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Figure 21: PTBs and MTBs at the country level (source: see section 3.2. data sources, 
note that y-axis scaling is not kept constant between countries) 
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Figure 22: PTBs and MTBs at the country level (source: see section 3.2. data sources, 
note that y-axis scaling is not kept constant between countries)  
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Figure 23: PTBs and MTBs at the country level (source: see section 3.2. data sources, 
note that y-axis scaling is not kept constant between countries)  
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Figure 24: PTBs and MTBs at the country level (source: see section 3.2. data sources, 
note that y-axis scaling is not kept constant between countries) 
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Figure 25: PTBs and MTBs at the country level (source: see section 3.2. data sources, 
note that y-axis scaling is not kept constant between countries) 
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Table 22: Classification of Countries according to rPTB and rMTB including number of 
countries in four identified clusters and their share in GDP and population (source: 
see section 3.2. data sources) 

  

number of countries

16

23

7

28

1970 2005 1970 2005 1970 2005 1970 2005 1970 2005 1970 2005

Algeria -74% -58% -3% 20% Kuwait -1875% -232% 15% 73%

Angola -56% -103% 2% 87% Libyan Arab Jamahiriya -340% -109% 30% 37%

Argentina -1% -13% 0% 3% Madagascar 1% 3% -4% -17%

Australia -12% -67% 0% -2% Malaysia -19% -10% 9% 18%

Austria 14% 23% -3% -1% Mali -1% 3% -4% -17%

Belgium-Luxembourg 39% 41% 1% 3% Malta 54% 48% -69% -23%

Brazil -1% -13% 0% 5% Mexico -1% -4% -4% -1%

Canada -15% -32% 3% 3% Morocco -17% 5% -7% -17%

Chile -5% -1% 5% 6% Netherlands 38% 32% -3% 6%

China n.a. 3% 0% 4% New Zealand 4% 0% 0% -6%

Colombia -3% -22% -2% -1% Nicaragua 2% 6% -3% -28%

Costa Rica 1% 1% -9% -11% Nigeria -34% -25% 2% 40%

Cyprus -3% 24% -18% -34% Norway 11% -446% -23% 17%

Czech Republic, Territory of 15% 12% 1% -1% Oman -307% -124% 50% 34%

Denmark 28% 0% -5% 3% Panama 9% 14% -32% -22%

Ecuador 1% -20% -8% -2% Paraguay 0% -3% -3% -24%

Egypt -7% 0% -1% -9% Peru -28% -7% 6% 2%

El Salvador 6% 16% 1% -33% Philippines 0% 10% -2% -8%

Finland 15% 19% -2% 3% Portugal 12% 21% -7% -15%

France 13% 21% -1% -2% Qatar -1652% -96% 38% 55%

Gabon -379% -107% 7% 39% Saudi Arabia -1844% -118% 40% 49%

Germany 16% 19% 1% 7% Senegal 4% 8% -4% -16%

Greece 9% 13% -8% -19% Singapore n.a. n.a. -41% 23%

Guatemala 4% 4% 1% -32% Spain 13% 24% -3% -9%

Honduras -3% 7% -11% -37% Sweden -28% -7% 0% 4%

Hungary 6% 12% 0% -5% Switzerland 32% 36% -3% 1%

Iceland -6% -12% -14% -25% Thailand 2% 4% -10% -5%

India 0% 2% 0% -4% Togo -16% -5% -2% -8%

Indonesia -11% -14% 1% 8% Trinidad and Tobago -44% -205% -6% 25%

Iran, Islamic Rep of -250% -20% 5% 9% Tunisia -29% 4% -10% -8%

Iraq -251% -47% 73% 92% Turkey 2% 11% -1% -8%

Ireland 12% 15% -9% 24% United Arab Emirates -527% -71% 189% 36%

Israel 8% 39% -10% -1% United Kingdom 24% 17% -1% -7%

Italy 24% 29% -1% 0% United States of America 2% 12% 0% -7%

Japan 38% 48% 0% 2% Uruguay 3% -1% 0% -4%

Jordan 7% 10% -30% -52% Venezuela, Boliv Rep of -181% -63% 18% 37%

Korea, Republic of 14% 40% -7% 3% Yugoslavia, Territory of 6% 11% -22% -17%

56.5%12.7%

1.2%

12.3% 19.3%

3.1%

22

24

14

14

12.0%

0.7%

70.4% 38.4%

0.9%

9.2%

1970

% of GDP

Resource Importer: Countries dependent on substantial 
resource imports (rPBT > 10%)

16.8% 51.6%

Description of Cluster

Resource Exporter: The resource providing countries 
(rPBT < -10%)

Monetary Trade Deficit: Countries in monetary trade 
deficits (rMTB < -15%)

Even Trade Balances: Countries with even balances 
(rPTB > -10% ? < 10%; rMTB > -15% ? < 10%)

73.7% 21.1%

% of population number of countries

2005

% of population % of GDP

Classification
Country

CLASSIFICATION OF COUNTRIES ACCORDING TO rPTB and rMTB

rPTB              

(PTB / DMC in %)
rMTB              

(MTB / GDPin %)
Classification

rMTB             

(MTB / GDPin %)
rPTB                   

(PTB / DMC in %)Country
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Table 23: Terms of Trade for each Country. The terms of trade are here defined as 
export prices (in $/kg) minus import prices (in $/kg) (source: see section 3.2. data 
sources) 

 

 

  

0 3 13 0 0 1 21 0

14 4 0 5 16 3 0 5

3 3 1 0 2 10 2 0

5 18 4 1 2 11 1 0

1970 2005 1970 2005 1970 2005 1970 2005

Algeria -0.96 -0.42 -1.04 n.a. 

Angola -1.42 n.a. -0.56 n.a. 

Argentina -0.09 -0.62 0.07 0.56

Australia -0.35 -1.16 -0.12 -0.16

Austria 0.59 0.75 -0.40 -0.12

Belgium-Luxembourg 0.36 0.43 2.24 9.63

Brazil -0.06 -0.37 -0.63 -0.30

Canada -0.20 -0.55 -0.44 -0.14

Chile -0.21 -0.04 0.18 0.30

China n.a. 0.75 0.52 -0.23

Colombia -1.24 -0.74 0.22 -0.12

Costa Rica -0.17 -0.18 -0.98 n.a. 

Cyprus -0.34 0.38 -0.28 -0.87

Czech Republic, Territory of 0.77 0.33 n.a. -0.66

Denmark 0.47 0.11 -0.17 -0.36

Ecuador -0.13 -0.58 -0.10 -0.58

Egypt -0.23 -0.19 -0.45 -0.28

El Salvador 1.16 0.03 -0.05 0.70

Finland 0.27 0.51 0.24 0.46

France 0.30 0.67 n.a. -0.30

Gabon -1.34 -0.95 n.a. -0.66

Germany 0.66 1.14 0.03 -0.05

Greece -0.03 -0.20 0.00 1.09

Guatemala 0.68 -0.19 0.16 0.73

Honduras -0.40 -0.15 -0.17 0.05

Hungary 0.02 0.66 5.53 5.02

Iceland -0.41 -0.75 -0.13 0.12

India -0.06 0.14 -0.54 -0.13

Indonesia -0.45 -0.22 -0.04 -0.23

Iran, Islamic Rep of -1.76 -0.50 -0.44 -0.01

Iraq n.a. n.a. 0.18 0.25

Ireland 0.41 3.55 n.a. -0.52

Israel -0.10 1.78 0.93 0.25

Italy 0.66 1.38 0.24 0.36

Japan 1.37 2.46 0.38 -0.16

Jordan -0.35 -0.21 -1.30 -1.14

Korea, Republic of 0.28 1.31 0.23 -0.02

no data
Number of Countries in each cluster with negative, 

balance and positive terms of trade
1970 2005

Venezuela, Boliv Rep of

Yugoslavia, Territory of

Country Country

United Arab Emirates

United Kingdom

United States of America

Uruguay

Togo

Trinidad and Tobago

Tunisia

Turkey

Spain

Sweden

Switzerland

Thailand

Qatar

Saudi Arabia

Senegal

Singapore

Paraguay

Peru

Philippines

Portugal

Nigeria

Norway

Oman

Panama

Morocco

Netherlands

New Zealand

Nicaragua

Malaysia

Mali

Malta

Mexico

TERMS OF TRADE AT THE COUNTRY LEVEL                                                                                                                                                     

Terms of Trade are defined as: Export prices - Import prices (in $/kg)

Kuwait

Libyan Arab Jamahiriya

Madagascar

negative terms of trade 
(< -0.25)

balanced terms of trade (> -
0.25 ? < 0.25)

positive terms of trade 
(> 0.25)

Classification Terms of Trade ClassificationTerms of Trade:

Resource Importer: Countries dependent on substantial 
resource imports (rPBT > 10%)

Resource Exporter: The resource providing countries 
(rPBT < -10%)

Monetary Trade Deficit: Countries in monetary trade 
deficits (rMTB < -15%)

Even Trade Balances: Countries with even balances 
(rPTB > -10% ? < 10%; rMTB > -15% ? < 10%)
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1.21 Figures and Tables for Section 5: Interpretation 

Table 24: Countries of the Selected Countries Sample differentiated into core, semi-
periphery and periphery (based on Chase-Dunn, Kawano and Brewer 2000) 
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