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Abstract

:

Human pressure on ecosystems is among the major drivers of biodiversity loss. As biodiversity plays a key role in supporting the human enterprise, its decline puts the well-being of human societies at risk. Halting biodiversity loss is therefore a key policy priority, as reflected in the 2020 Aichi Biodiversity Targets under strategic goal A. The Ecological Footprint has become a widely used metric for natural capital and ecosystem accounting, and is frequently cited in the sustainability debate, where it is often used for tracking human-induced pressures on ecosystems and biodiversity. Given its potential role as an indirect metric for biodiversity-related policies, this paper breaks down the Ecological Footprint into its components and analyzes resource and ecosystem service flows at an international level. We discuss its usefulness in tracking the underlying drivers of habitat impacts and biodiversity loss. We find that: China is a major net importer of all biomass biocapacity components; the largest net exporters of forest biocapacity are not low-income countries; a very high proportion of the Ecological Footprint of fishing grounds is traded internationally; Singapore and at least three Middle East countries are almost wholly reliant on net imports for the cropland biocapacity they consume.
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1. Introduction


Human societies’ well-being ultimately depends on the integrity of the biosphere [1,2] as all economic activities depend on ecological assets, such as productive land and marine areas, and the services and resources they produce [3,4]. However, as long as humanity’s appetite for the Earth’s ecological assets continues to outstrip the rate at which nature can regenerate these assets, biodiversity will become increasingly and ever more perilously under threat [5]. Moreover, biodiversity’s key role in supporting the human enterprise lies in the fact that it underpins all other boundaries [1]. This, in turn, likely puts the entire human enterprise at risk as profound changes in the biosphere integrity could cause irreversible changes to the Earth System and push it out of the current Holocene state [6]. Halting biodiversity loss should thus be an urgent priority for scientists and policymakers.



The last few decades have seen fundamental changes in the society–nature relationship. Although these changes have likely contributed to noticeable socio-economic [7] and well-being improvements [8,9], they have increased human-induced pressure on ecosystems, potentially leading to a worsening of the state of ecosystems [10]. Several studies have found that humans appropriate a significant proportion of the Earth’s Net Primary Productivity [11,12]—with such appropriation increasing two-fold over the last century [13]—and that global extraction and use of biomass, fossil energy carriers, ores and minerals has increased eight-fold from the early 20th century onward [14]. More recently, it has been argued that four out of nine critical planetary thresholds have been already passed [2] and a critical planetary-scale transition is likely approaching [15].



As human demands upon the Earth’s ecosystems rapidly increase [16,17,18], the future ability of the biosphere to provide for humanity and the many other species is being degraded. Globally, biodiversity is declining at an unprecedented rate and human pressure on ecosystems is a major underlying driver of this decline [19,20,21,22,23]. At the same time, leaders’ efforts to slow or reverse global biodiversity decline have not been sufficient [19] and the 2010 biodiversity Targets [24] have not been met as increasing society’s responses have not managed to counteract growing pressures. The renewed Aichi Biodiversity Targets will also likely not be met by 2020 [10] and “efforts need to be redoubled”—especially in reducing pressures (particularly in Targets 4, 5, 8, 9 and 10)—if biodiversity and ecosystem services are to be maintained and extinction risk averted. A need thus exists to better understand the multiple anthropogenic pressures driving biodiversity loss and the consumption-driven displacement of such pressures across the world [5].



Decision makers face a challenge in navigating through a wealth of disparate information. As such, an analysis of multiple human pressures through a consistent lens would provide a useful guide to assess whether the whole system is moving towards or away from sustainability. Currently, no single metric is available which is able to provide such a comprehensive view. Nonetheless, lacking such a comprehensive metric, Ecological Footprint Accounting (EFA) can be used as a first approximation to depict human pressure on Earth’s ecosystems [25,26,27]. EFA sets a specific ecological budget—biocapacity—and then measures the extent to which human demands on renewable resources and ecological services—the Ecological Footprint—approach or exceed this budget [28]. Where the Ecological Footprint for a specific ecosystem service (e.g., forest products) exceeds that ecosystem’s biocapacity, human demand for that ecosystem’s annual flow of service exceeds its rate of supply, putting exceptional pressure on that ecosystem and therefore indicating potential habitat loss and/or degradation.



The Ecological Footprint is currently listed as a category “C” indicator for use in monitoring Target 4 of the Strategic Plan for Biodiversity 2011–2020 [29]. To further its adoption, this paper builds and expands on the recent analysis by Galli et al. [5] and discusses the role of EFA as a proxy for tracking the underlying drivers of habitat and biodiversity loss at regional and national scales.



The total Ecological Footprint and Biocapacity of nations have been quantitatively analyzed for correlation with indices closely associated with biodiversity loss in previous studies [30] but we undertake a qualitative analysis to explore the links between international trade in components of the Ecological Footprint and the displacement of associated types of pressure on ecosystems. In the current globalized world, access to key life-supporting resources and pressure on the environment are often mediated through international trade [22,31,32]; tracking flows of natural resources from the point of origin to the point of consumption is thus a necessary step in identifying leveraging points to help reduce human pressure on habitats and species.



As such, we first review historical trends in global biocapacity, and the patterns of biocapacity embodied in international trade as an indicator of the geographic flow of pressure on ecosystems where human consumption is driving demand for biocapacity across borders. Then, we provide an overview of global trade patterns by identifying the major net importers and net exporters of the Ecological Footprint of carbon and the overall biomass Footprint (the components that represent demand for biomass materials, separated from other services such as waste absorption). Finally, within each of the four components of the biomass Ecological Footprint, we link patterns of trade in biocapacity with causes and measures of biodiversity loss (e.g., habitat degradation, habitat loss, species decline, etc.) associated with the consumption of each kind of biocapacity.




2. Methods and Materials


2.1. What Do Biocapacity and the Ecological Footprint Measure?


Biocapacity measures the ability of the planet to supply the renewable ecological resources and services used by humanity. This productivity is measured as a flow of materials and waste absorption available for human utility. With virtually all life on the planet fueled by the energy of the sun, the biologically-productive surface of the Earth is a fundamental limiting factor to the availability of ecosystem services, and consequently biocapacity is measured in mutually exclusive (The term ‘mutually exclusive’ can cause some confusion when land cover is conflated with ecological services, or when area is conflated with global area. For instance, forest biocapacity represents the potential for use of trees that can either be cut down for biomass, or remain in place for carbon sequestration—they cannot be both harvested and remain in place. Secondly, when an area provides two kinds of land cover combined such as a hectare which is mixed 1/2 grassland and 1/2 forest land; this is measured as 1/2 hectare providing grazing biocapacity and 1/2 hectare providing forest biocapacity—limitations in practice may be the resolution of the land cover definitions from the data sources (primarily UN FAO) where some small portion of a different land cover type may be allowed within the other land cover classifications.) types of biological productivity which compete for physical area [27,28]. Each area of the Earth is not equally capable of providing the same amount of renewable resources, so land area is weighted by the provisioning capacity, and normalized by an area of global average productivity per area [28,33,34].



The Ecological Footprint measures the amount of the world’s biocapacity that is required to provide the ecological resources and services appropriated by humans. Comparing total demand to total supply tells us whether the amount of the Earth’s biocapacity consumed is greater than, equal to, or lesser than the amount produced in a given period.



Total biocapacity and the total Ecological Footprint are made up of five land types providing essential provisioning resource and one regulatory ecosystem service [33]: cropland provides food and fiber; forest land provides timber, other forest products, and the absorption of anthropogenic CO2 waste emissions; grazing land provides livestock feed; marine and inland waters provide fish products; and built-up land provides area for human infrastructure [5].



2.1.1. How Are the Ecological Footprint and Biocapacity Measured?


Conceptually, both biocapacity and the Ecological Footprint measure resource flows expressed as the global area available, and global area required, to produce these flows, respectively.



Biocapacity is measured in global area which is area adjusted by local productivity relative to land of world average productivity. For each of its five components, the normalization of an area of land is done in two steps: first, the area is weighted by the relative biological productivity compared to world average within the same land type by means of Yield Factors; then, the results are further weighted by the relative productivity of each land type compared to an area of land with world average productivity by means of Equivalence Factors [35].



Thus, biocapacity is calculated as:


   B C =  A i  × Y  F i  × E Q  F i    








where A is geographic area of land type i, YF is the yield factor of land type i, and EQF is the Equivalence Factor which is a calculated value of the relative productivity of world average land type i compared to world average of all bioproductive land.



The Yield Factor further breaks down as:


   Y F =    Y  n , i      Y  w . i       








where Yn,i is the average yield of land type i in region n, and Yw,i is the average yield of land type i for the world.



The Footprint converts the amount of primary product (or waste sequestration) demanded into the amount of the world’s bioproductive capacity used to create that good (or service).



The Ecological Footprint is calculated as:


   E  F j  =    P j     Y  w , j     × E Q  F i    








where Pj is the amount of the primary product j appropriated, Yw,j is the world average yield of that product, and EQF is the Equivalence Factor which is a calculated value of the relative productivity of world average land type i—where the primary product is produced—compared to world average productivity of all bioproductive land.



In the case of the carbon component of the Ecological Footprint (hereafter referred to as carbon Footprint (The term “carbon footprint” is widely used as shorthand for the amount of anthropogenic greenhouse gas emissions; within EFA however, it is used to refer to the amount of productive land and sea area required to sequester anthropogenic carbon dioxide emissions. (See [26] for additional information.)) [26]), Pj is the amount of anthropogenic CO2 emitted during production of product j which the Earth’s living resources would have to absorb in order for it not to accumulate in the atmosphere.



For further details on the Ecological Footprint methodology see Borucke et al. [33].




2.1.2. The National Footprint Accounts: A Key Implementation of Ecological Footprint and Biocapacity Accounting


National Footprint Accounts (NFA) [33] follow a consumer-based approach and calculate the Ecological Footprint by allotting it to final consumers. To calculate the Ecological Footprint of consumption—often referred to simply as Ecological Footprint—the domestic Ecological Footprint (Ecological Footprint of production) is summed with the two sides of trade so that imported materials and waste are attributed to the importer, and exported materials and waste are not attributed to the producer. In this way, the Ecological Footprint of consumption is calculated as follows:


   E  F c  = E  F p  + E  F i  − E  F e    








where EFp is the Ecological Footprint of all production activities within the nation, EFi is the Footprint embodied in imports from outside the nation, and EFe is the Footprint embodied in exports from the nation. On the global level there is no trade, so EFc = EFp.



For further details on the NFA accounting structure as well as data needs and processing see Borucke et al. [33] and Galli et al. [5].



The National Footprint Accounts use international trade data to track flows of embodied biocapacity into and out of national borders. For bilateral trade analysis, Environmentally Extended Multi-Regional Input-Output analysis (EE-MRIO) for the Ecological Footprint (EF-MRIO) has been used here to supplement the primary NFA results and track the flows of embodied biocapacity between country of origin and final consumers. EF-MRIO uses financial flows between sectors and nations/regions from the Global Trade Analysis Project 8.0 (GTAP 8 includes data representing the years 2004 and 2007 only.) We use the 2007 as the closest available year to calculate bilateral flows of biocapacity in trade (GTAP 8) [36] as a proxy for flows of biocapacity. Detailed Ecological Footprint of production results from the NFA are allocated to sectors in each region’s economy, and associated through sector/international exchanges, thus providing quantitative measures of the flows of each component of the Ecological Footprint between all included regions in the GTAP dataset. Ewing et al. [37] and Weinzettel et al. [22] are recommended as background reading on EF-MRIO. Research on the comparability and limitations of process-based versus input–output-based analysis is discussed in Kastner et al. [22,38].






3. Results and Discussion


3.1. Global Biocapacity Flows


According to the 2014 Edition of the National Footprint Accounts, since the 1970s, humanity has been in ecological overshoot [34,39], each year consuming more than the annual flow of biocapacity produced by the Earth (Figure 1). A global biocapacity deficit (ecological overshoot) indicates that humanity is living beyond the earth’s regenerative capacity (Note that overshoot is a state where the demand for ecosystem flows (resource provisioning and regulatory services) exceeds supply of those flows, resulting in liquidation of stocks of natural capital [34]. The Ecological Footprint is not land use per se, and overshoot is not using more land than is available (which is clearly impossible)). The consequence of continued ecological overshoot is alteration and damage to Earth’s ecosystems [28,40], which ultimately poses a major threat to biodiversity [41,42]. Projections of pressures on biodiversity and ecological overshoot suggest that the impacts of anthropogenic pressure will continue increasing in the future, both in the short [10] and long run [43].
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Figure 1. Global Ecological Footprint and biocapacity 1961–2010. 
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Human demand for the Earth’s resources competes for land and ecological services with other species [41,42,44], and as humans are taking an increasing portion of these resources for themselves [45], less biocapacity remains for other species. To the extent that it does conflict, human demand for natural resources fragments native habitats and likely affects the survivability of existing flora and fauna, thus contributing to biodiversity loss [15,23,42,46]. The Convention on Biological Diversity identified increased levels of demand as one of four underlying causes of biodiversity loss to address, stating that “it is unlikely that ecosystems can be kept within safe ecological limits given current patterns of consumption” [23].



3.1.1. Net Importers and Exporters Show the Flows of Pressure in International Trade


Internationally displaced pressure on ecosystems can be monitored and identified by tracking the net flows of biocapacity in international trade [5]. At the national level, countries that export biomass products are exporting embodied biocapacity; countries that export products with an embodied carbon Footprint are exporting a demand for the Earth’s capacity to absorb that waste. Countries that import these products are then responsible for this consumption of biocapacity or demand for sequestration. EFA allows us to track which countries demand the most from the rest of the world (net biocapacity importers), and those which provide the world with biocapacity (net biocapacity exporters). It should be noted that, while some portion of national infrastructure is linked to the supply of goods and services for exports, current National Footprint Accounts do not include trade in embodied built-up land area [47]; consequently, the built up land Footprint is not a part of the trade analysis in this paper.



Moreover, different components of the Ecological Footprint track different typologies of impacts on ecosystems and habitats and require policy interventions at different governance scales. For instance, preventing climate-change-related risks likely requires international agreements and actions on CO2 emissions reduction while remedial interventions to tackle biomass-related issues (e.g., deforestation and land use change) are most likely best implemented at the national (or sub-national) level.




3.1.2. Trade and the Carbon Component of the Ecological Footprint


Anthropogenic emissions of CO2 are altering the carbon cycle and, in turn, the Earth’s climate [48,49]. Changes in the Earth’s climate, in turn, affects the habitats of many species on the planet by altering ecological factors such as flowering and hatching times [47], rainfall [50], frequency and intensity of natural disturbance [50,51], all of which are integral to ecosystem functioning and species interaction and survival [47,52].



Anthropogenic CO2 emissions have a diffuse impact on the world’s ecosystems and the species that inhabit them through climate change and related impacts [53], so direct links between drivers of emissions through trade and specific impacts on biodiversity are difficult to identify. Nevertheless, identifying the origins of demand for those emissions provides some insight on the drivers of climate-change related biodiversity loss.



Trade in the carbon Footprint shows where carbon emissions produced in one country are being driven by consumption elsewhere (see Figure 2). Around 2.5 billion global hectares of carbon Footprint were traded in 2010, accounting for about 35% of the carbon Footprint for all nations (The carbon component of the Ecological Footprint for the world includes the Footprint of emissions from anthropogenic forest fires and other sources that are not currently allocated to individual nations at this point. Thus, its global value is ≈25% higher than the sum of all individual nations’ values (see [33] for further details)).



China and the USA, the two nations with the highest carbon Footprint of production (the Footprint of carbon emissions produced by the nations), account for 40% of the sum of all nations. When looking at the carbon Footprint of consumption (thus including trade), these two nations account for 36% of the total. The USA is also the second highest net importer of carbon (after Mexico), with more than a third of its imported carbon Footprint coming from China. France is the third highest net importer, and Saudi Arabia and the Russian Federation the second and third highest net exporters of carbon Footprint after China.





[image: Diversity 07 00170 g002 1024] 





Figure 2. Net trade in the embodied carbon Footprint. 
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3.1.3. Trade and the Biomass Ecological Footprint


The terms biomass biocapacity, and biomass Footprint, refer to all the renewable resource components of the Ecological Footprint (cropland, fishing grounds, forest land, and grazing land) collectively, excluding the services of CO2 waste absorption and area for infrastructure. Trade in biomass biocapacity represents direct material flows—harvested biocapacity traded among nations; thus, it has the most direct implications for displaced pressure on ecosystems.



Figure 3 shows the many nations which are drawing on the direct biological resources of other nations (net biomass Footprint importers), and those which are overall global ‘suppliers’ of biomass biocapacity. The top three net importers of biomass biocapacity are China, Japan and Italy. The top three net exporters are Brazil, Canada, and Argentina. Low-income countries with limited biocapacity are not among the main biocapacity traders; however, the reliance of local populations on local resources without the ability to rely on imports could also threaten local ecosystems and biodiversity.



China has the largest biomass Footprint of production, 14% of all nations combined. This is predominantly from cropland production which, at almost 650 million global hectares, accounts for 61% of the total biomass Footprint for China (see Section 3.2.1 below). China also has the largest biomass Footprint of consumption, nearly twice that of the next largest biomass consumer, the USA. Moreover, China is the biggest net importer of biomass biocapacity, while the National Footprint Accounts show that it is also maintaining a small overall reserve in domestic biomass biocapacity. The USA, second largest biomass consumer, is also the fourth largest net exporter of biomass biocapacity. Nevertheless, the National Footprint Accounts show that the USA maintains around 30% reserve in domestic biomass biocapacity. Globally, ≈2.7 billion gha of biomass are imported, and ≈7.8 billion gha are consumed, implying that while displacement of pressure on ecosystems through trade is very significant, the majority of demand for biomass biocapacity is within national borders.
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Figure 3. Net trade of biomass biocapacity by nation. 
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3.2. Component Biocapacity Flows


As the biomass Footprint tracks demand on different ecosystem types driven by diverse human activities, this section provides a further breakdown of its constituent subcomponents to show the different patterns of human resource demand that characterize each of the considered ecosystems and their links with biodiversity trends.



3.2.1. Cropland


Humans have appropriated more land for agriculture than any other land use. Over the last two decades, cropland area has grown by nearly 40 million hectares. Cropland and grazing land together now account for almost 40% of global land area [54]. At the same time, in areas where agriculture is highly efficient, expansion of agricultural areas has slowed or stopped, while in some cases having little to no suitable land remaining limits expansion [42]. As a direct cause of habitat loss, agriculture has been identified as a major driver of biodiversity loss worldwide [42,46]. In addition to direct habitat loss, some agricultural practices used to improve yields are known to threaten biodiversity by damaging surrounding ecosystems [55,56] through processes such as nutrient and pesticide runoff. Globally, agricultural practices vary based on multiple factors, such as available technology, cost, historical traditions, environmental conditions, and type of crops grown; these are all factors which affect the type, magnitude and location of environmental impacts [57].



Our analysis shows that 27% of global cropland biocapacity is traded internationally. China, the highest net importer of crop biocapacity, is still sourcing the greatest part of its consumption from local ecosystems with net imports making up just 15% of its total cropland Footprint. Japan, the second highest net importer of cropland biocapacity, conversely appears to be heavily reliant on the biocapacity imported from outside its borders, with 81% of its consumption represented by net imports. Italy, the third highest net importer, appears to be exchanging low Footprint intensive crop products in exports for high Footprint intensive crop products in imports as the difference in mass of crop products on each side of trade is much less than the Footprint results. Although not amongst the highest net importers on an absolute level, it is notable that countries such as Singapore, Qatar, Kuwait, and the UAE rely almost wholly on imports for crop biocapacity, having very little within their own borders. Singapore and the UAE also export significant amount of cropland biocapacity, with Singapore re-exporting around 50% of imports and the UAE re-exporting around 40%.



As shown in figure 4, USA, Argentina, and Brazil are the top three net exporters of cropland biocapacity. At the same time, USA is a major recipient of the cropland biocapacity exports of both Argentina and Brazil. The USA and Brazil net exports of cropland biocapacity are just around 25% of the cropland Footprint produced in each country, but Argentina has one of the two highest proportions of net exports coming from domestic cropland biocapacity along with Uruguay, where 62% of domestic biocapacity went to net exports.
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Figure 4. Net trade in cropland biocapacity: arrows sized by magnitude of embodied biocapacity show the flows into the highest three net importers and out of the highest three net exporters. 
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3.2.2. Fishing Grounds


Persistent overfishing has not only led to the decline of many species, it has also changed the trophic structure of marine ecosystems at a global scale. Increasing global demand for fish products has led to overexploitation of fish species beyond the capacity for these fisheries to recover [19,58,59]. According to the FAO, approximately 29% of fish stocks assessed in 2011 were fished at biologically unsustainable levels [60]. Another study of 1793 previously unassessed fisheries showed that 64% were overfished, and 18% completely collapsed [61]. Mean trophic levels of the world’s fisheries has declined over time [62] and the total biomass of predatory fish—fish used for human consumption—declined by 54% between 1970 and 2010, while the biomass of small fish increased [63].



Our analysis shows that the three biggest net importers of fishing grounds biocapacity are Asian countries (i.e., Japan, China and Thailand), importing mostly from the local Asia Pacific region, but also northern Europe (see Figure 5). Imports into these three countries make up 19% of all global fishing grounds biocapacity imports. Global imports of fishing grounds biocapacity make up a significant proportion (≈60%) of the global fishing grounds Ecological Footprint of consumption, suggesting that global trade in fish products is highly significant in driving the harvest of fish and related impacts on biodiversity.





[image: Diversity 07 00170 g005 1024] 





Figure 5. Net trade in fishing grounds biocapacity: arrows sized by magnitude of embodied biocapacity show the flows into the highest three net importers and out of the highest three net exporters (arrows from the Pacific are exports from a number of island nations combined). 
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The top three net exporters of fishing grounds biocapacity are Norway, Peru, and Chile, with their exports amounting to 16% of all exports of fishing grounds biocapacity.



The major net exporting countries show higher levels of fisheries collapse compared to the largest net importing countries. According to the Sea Around Us Project [62], Norway shows collapse in ≈45% of 84 species assessed, Chile shows collapse in stocks of >30% of the 70 species quantified, and Peru shows collapse in ≈40% of the 50 species quantified. The three largest importers seem to be in a slightly different situation in terms of stock collapse. Japan is showing collapse in the stocks of <20% of the 137 species quantified. China is showing collapse in 30% of 150 species, while Thailand shows collapse in <10% of 59 species.



There is significant complexity in the trade flows of fishing grounds biocapacity, with the largest absolute importers overlapping significantly with the largest absolute exporters, and in some cases, large flows of fishing grounds biocapacity going both ways between countries. While China and Thailand are amongst the highest net importers of fishing ground biocapacity, they are also large exporters in absolute terms—the highest and third highest in the world, respectively—and they have a significant trade in fishing grounds biocapacity going both ways between them.




3.2.3. Forest Land


Demand for forest products is a direct driver of habitat destruction and fragmentation [22,64]. Tropical rainforests contain a high concentration of Earth’s biodiversity; covering only 7% of the Earth’s terrestrial surface [65], they provide habitat for at least two-thirds of the world’s terrestrial species. Due to this high species-richness, global forest biodiversity is especially sensitive to tropical deforestation [65] as they are threatened by deforestation, habitat degradation, climate change, and invasive species [66]. Industrial logging in temperate and boreal forests is also highly implicated in biodiversity loss, where intact forest ecosystems may be especially important to biodiversity [67]. While regulations and recommendations for improved logging practices are being promoted, the effectiveness of regulation and large scale sustainable forest-management practices have been brought into question [68,69].



Demand for forest products also has indirect impacts on biodiversity, as forest biomes play a major role in climate regulation. Tropical and boreal forests have been emphasized as having a particularly strong climate regulation role, and maintaining or building land cover of these and all forests have been identified as an important factor in living within planetary boundaries [2].



Trade in forest biocapacity accounts for approximately 37% of the world’s forest Footprint. The top net exporters of forest land biocapacity are upper-middle and high-income countries rich in forest biocapacity, with the largest being Canada, Russian Federation, and Sweden (Figure 6). The top net importers are China, the UK and Italy.



In absolute terms, countries with large areas of temperate and boreal forest and countries with a greater ability to manage forestry practices are the main suppliers of forest biocapacity into the global market. While this does not support the hypothesis that the overharvest of forests linked to biodiversity loss is mainly driven by high-income countries liquidating the natural assets of low-income tropical countries, there is some question as to the extent of unreported trade in the products of illegal logging [69,70,71] which may be somewhat skewing the underlying data.



The three highest net importers of forest biocapacity account for 43% of net imports. Tracking of transformed forest products is limited by data availability in the National Footprint Accounts, so further analysis would be required to better understand to what extent these imports represent demand for final consumption as opposed to materials in manufactured products for ongoing export.
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Figure 6. Net trade in forest biocapacity: arrows sized by magnitude of embodied biocapacity show the largest flows into the highest three net importers and out of the highest three net exporters. 
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Local consumption also appears to be a significant driver of demand for forest biocapacity. Figure 7 shows where local demand is above or within locally available forest biocapacity. This figure suggests a pressure in tropical African and Asian countries not apparent when looking exclusively at the international forest product trade flows. Notably, data on harvest of forest products used in the National Footprint Accounts does not distinguish between harvest from plantation and re-growth or old growth forest, which is likely an important factor in assessing the impact logging practices have on biodiversity.
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Figure 7. Ecological deficit (EFp > BC) or reserve (EFp < BC) for forest land, by nation. 
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3.2.4. Grazing Land


While the literature provides a complex picture of the biodiversity impacts of livestock grazing—including that properly managed grazing systems do not necessarily diminish biodiversity, and can even preserve and enhance plant diversity [72]—high grazing intensity is associated with local biodiversity loss, and a reduction of grazing intensity is associated with increased heterogeneity of both plant [73] and animal species [74]. The effects of grazing on rangeland biodiversity include the removal of biomass, trampling and destruction of root systems, and replacement of wild grazers by livestock [75]. Although grazing land conversion has historically been linked to tropical deforestation [76], this practice has significantly declined in favor of more sustainable systems [77].



At the same time, the impacts of livestock agriculture often associated with grazing may be more significantly linked to crop agriculture and greenhouse gases. Livestock agricultural systems have transitioned in the last hundred years from predominantly free-range feeding, to industrial systems with more than 90% of feed coming from crops and crop by-products from outside the farm [78]. Caro et al. [79] have analyzed the contribution of countries’ consumption of livestock products to global CH4 and N2O emissions and found that trade is likely to contribute to increasing GHGs emissions when meat production is re-located to cheaper, environmentally-inefficient countries. The greenhouse gas impacts of livestock production are also well documented [18,80], contributing perhaps more than 15% of human associated emissions [81].



The patterns in the global trade of grazing land biocapacity identified by our analysis show that China, Italy, and the Russian Federation are the three highest net importers. Much of those imports are coming from Australia and Brazil; China is in turn supplying significant grazing land biocapacity to Italy and the Russian Federation (see Figure 8). While China is supplying almost 80% of its own final demand for grazing land biocapacity through local ecosystems, both Italy and the Russian Federation rely on net imports for almost 90% of their final demand for grazing land biocapacity.
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Figure 8. Net trade in grazing land biocapacity: arrows sized by magnitude of embodied biocapacity show the flows into the highest three net importers and out of the highest three net exporters. 
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Australia, New Zealand and Brazil are the largest net exporters of grazing land biocapacity. All three countries are among the six highest net exporters of total biomass biocapacity, with the net exports of grazing land accounting for 69%, 41%, and 12% of that total, respectively. Brazil and Australia have the highest and third highest grazing land biocapacity respectively, while China, the largest net importer, has the second highest grazing land biocapacity of all countries. Seventy-two percent of Australia’s domestic grazing land Footprint leaves the country as net exports, compared with only 6% of Brazil’s.






4. Conclusions


The increase in consumption levels that human societies have witnessed in the last decades is placing unprecedented demands on the biosphere’s provisioning services and is contributing, among other factors, to the degradation of land and water resources, habitat fragmentation or loss, climate-induced habitat-shifts as well as a decline in the number of species and their richness to the extent that we might be already beyond safe operating limits in key planetary systems.



Ecological Footprint Accounting tracks an important element of human pressure on the biosphere; demands for the limited supply of the Earth’s resources provisioning and regulatory ecosystem services. Through an analysis of the components of the National Footprint Accounts and specific elements of trade, this paper has illustrated the role of the Ecological Footprint as an indicator and potential predictor of habitats’ fragmentation and loss. Indeed, international trade links consumption in one country to biodiversity loss in another, displacing pressure on biodiversity through the global supply chain.



We found that, in 2010, almost 35% of the carbon Footprint was embodied in international trade, with China being the largest net exporter and Mexico the largest net importer. We found that approximately 2.7 billion gha of biomass Footprint was imported (out of the nearly 8 billion gha consumed) with China being the largest net importer and Brazil the largest next exporter. Although displacement of pressure on ecosystems through trade is very significant, the majority of demand for biomass biocapacity places pressure upon ecosystems within national borders.



Looking at the individual components of the biomass Footprint linked to different kinds of biodiversity threats, we found that the highest flows of cropland Footprint embedded in trade flows were mobilized by China as the largest net importer (≈12%), and USA as the largest net exporter (≈18%); global trade in fish products was found to be highly significant in driving the harvest of fish and related impacts on biodiversity; upper-middle and high-income countries rich in forest biocapacity are the largest net exporters, predominantly supplying other high- and upper-middle income countries; most of the grazing Footprint embedded in trade is again mobilized by China as the largest net importer (≈8%), and by Australia as the largest net exporter (≈29%). Moreover, in some cases, the largest exporters of biocapacity from a given ecosystem type were found to be major importers of another ecosystem type. For instance, the Russian Federation, which is the third largest net importer of embodied grazing land, is also the second largest net exporter of forest biocapacity. Indeed China—the second highest net importer of fishing grounds and highest net importer of the other three biomass land types—supplies large amounts of embodied biomass biocapacity to the other major importers, making this country a significant hub of global biocapacity flows for all the ecosystem types.



In the last decade, biodiversity loss has not been reduced despite an acknowledged increase in policy responses. Among the reasons for this is that society responses so far have been mostly symptom-related, focused on addressing the state of biodiversity (e.g., by putting in place more protected areas for preserving habitat loss) rather than being cause-focused and directly addressing the primary anthropogenic drivers putting pressure upon ecosystems and habitats. Increased effort could thus be made to complement traditional policy responses with policies directly tackling the human drivers of habitats and biodiversity loss (i.e., consumer behavior). Moreover, our analysis of the global biocapacity flows can be used to identify pressures along global supply chains to help prioritize areas of intervention; in several instances, Ecological Footprint results seem to indicate that pressure on ecosystems and the consequent habitat loss in a given country could be more effectively addressed by reducing the demand for resource provisioning and regulatory ecosystem services elsewhere.



To conclude, we believe that EFA offers significant scope for additional research on useful links to pressure on biodiversity. Further investigation of the results described in the overview in this paper could provide additional insight into the dynamics of the interrelations between factors such as biocapacity reserve/deficit status and net or absolute trade, national income, proximity of trade partners, historic states and trends of biocapacity and Ecological Footprint. Quantitative analysis of the relations between Ecological Footprint components and losses in biodiversity would yield additional useful results if appropriate global indices of biodiversity threats and loss become available. Additionally, analysis of detailed elements underlying each of the Ecological Footprint component results could be used to further explore relationships between human and natural systems at other scales. Given the wide variability in types of human pressure on biodiversity, and the resulting spatial variability on these relationships, analyses of Ecological Footprint flows along with complementary tools and metrics in a broader framework such as telecoupling [82], could ease the quantifying and categorizing of complex interactions with greater detail.
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