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1. Abstract
An increasing demand for food, and in particular animal products, is putting high pressure on
natural resources, often at places distant from the consumption. Nitrogen and phosphorus are
essential nutrients in food production but an excessive use can cause environmental impacts
such as eutrophication that can harm ecosystems services vital to local communities. This
study developed sub-national spatially explicit N and P footprints that were extended with an
assessment of nutrient leaching risk and risk of impact on biodiversity. The consumption of N
and P in Brazilian soybean production at municipal level was estimated for the whole of
Brazil as well as for UK soybean demand. This was then combined with the risk of nutrient
leaching (Nrisk and Prisk) and species richness (Nbio and Pbio). The results showed high Nbio and
Pbio in Mato Grosso, Paraná, and Rio Grande do Sul. The same analysis of the effects of UK
soybean demand showed a higher risk of impacts in Rondônia and less in Paraná and Rio
Grande do Sul compared to total Brazilian soybean production. A municipal case study
showed that the demand of Brazilian soybean in the UK, EU, and China generated different
spatial patterns of impact risks at municipal level. Spatially explicit footprints that also
encompass risks of impacts are important for being able to identify the responsible consumer
and parts of the supply chain where sustainability interventions will be most effective. There
are several opportunities for future development within this research field as data availability
is continuingly increasing.
Keywords: Spatially explicit nitrogen and phosphorus footprints, Brazilian soybean, Nutrient
leaching, Biodiversity, United Kingdom
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2. Introduction
In 2012 1.6 earths were needed to supply the human population with natural resources (Global
Footprint Network, 2016) and by 2050 the demand for food, feed and fibre is estimated to
increase with 70 % which means that more than two planets would be needed to support the
current lifestyle (European Commission 2011). This puts great pressure on the nine Earth
system processes identified by Rockström et al. (2009) and Steffen et al. (2015) in their
concept of the Planetary Boundaries. The safe operating space for human activates has
already been, or are at risk of being, surpassed for climate change, biosphere integrity,
biogeochemical flows and land-system change (Steffen et al. 2015).
Increased globalisation and urbanisation have generated growth in economic activity and
trade but also separated the locations for production and consumption. Many of the products
currently consumed in developed countries are produced in the developing world, causing
pollution and affecting energy, land and resource use in these countries in such a way that is
invisible to the consumers (Steen-Olsen et al. 2012; Ali 2017). Teleconnections, or
telecoupling as used by Liu et al. (2013), has been suggested as a framework for
understanding and investigating socioeconomic and environmental interactions, like trade,
food systems, and ecosystem flows, that are taking place over large distances. Here the
vulnerability of specific individuals, communities, and ecosystem are not seen as
geographically bounded but closely intertwined with global processes of sociocultural change
and integration of markets (Adger et al. 2008; Moser and Hart, 2015; Liu et al. 2013).
Europe is the region in the world with the highest net import of resources per person and 28 %
of EU resource use is due to food and drink commodities, especially animal products
(European Commission 2011). The global demand for food is rising due to increasing world
population, and changes in per capita consumption and diet preferences (Alexandros and
Bruinsma 2012; Bodirsky et al. 2015; UNDESA 2015) and especially the consumption of
livestock-based food has been increasing in the developed world, a development now also
seen in Africa and South Asia (Bodirsky et al. 2015). As a consequence of this development,
the use of protein-rich feed such as soybean, is increasing when the traditional animal
keeping, where the animals are grazing, is replaced with industrial agriculture (Alexandros
and Bruinsma 2012). In 2014 85 % of the protein-rich feed imported to Europe (75 % of
consumption is imported) consisted of soybean whereof 60 % originated from Brazil and
Argentina (Boerema et al. 2016).
As agriculture, and livestock production in particular, has great negative effects on land, water
and biomass resources, and biodiversity and is a source of greenhouse gas emissions,
consumption of animal-derived food products can potentially do great damage to ecosystems
around the world (FAO 2006; Eshel et al. 2014; Gerber et al. 2015). The import of soybean to
Europe has been estimated to have caused environmental losses worth 120 million dollars in
Brazil and Argentina (Boerema et al. 2016). Between 1961 and 2008 the area with soybean
cultivation in the ecoregions of Cerrado and Amazon grew from 0 to 47 and 11 %,
respectively (Boerema et al. 2016), putting great pressure on ecologically valuable habitats,
especially in the Brazilian states Mato Grosso and Bahia (WWF 2016). 65 % of the
deforestation in Mato Grosso and around 15 % of carbon emissions due to land use change in
Brazil were caused by soybean production in 2000-2010. However, during the first decade of
2000 the land use changes generated carbon emissions went down with almost 70 %,
indicating that the farming procedures are shifting from extentification to intensification
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(increasing yield on available land). At the same time water and nutrient use related to
soybean production increased with 30 % in Mato Grosso (Lathuillière et al. 2014).
The negative and unequal impacts of production and consumption are being recognised in
several global forums. In 2015, 17 Sustainable Development Goals were decided upon by the
members of the UN with goal number 12 (Ensure sustainable consumption and production
patterns) addressing these issues. The UN state members, with the developed countries in the
lead, have dedicated themselves to significantly lessening the spread of chemicals to air,
water, and soil, and encouraging companies, specifically large and global ones, to have
sustainable practices and provide sustainability information by 2020. By 2030 the managing
of natural resources shall be sustainable and people everywhere should have the relevant
information and awareness for sustainable development and lifestyles (UN 2016). Similar
ambitions are outlined in the Roadmap to a Resource Efficient Europe, created by the
European Commission in 2011. It states that by 2050 all resources that the EU uses, including
from non-EU sources should be secured and managed sustainably. The Commission states
that knowledge of life-cycle impacts and costs and efficient resources use is needed to create
price signals and clear environmental information that will influence the consumption
behaviour of citizens and authorities. By 2020 the resources used in food production will be
reduced by 20 % and direct and indirect land use, both within the EU and globally, will be
addressed in EU policies (European Commission 2011).
To assess and communicate resource use and environmental impacts to consumers and
producers and create policies for sustainable consumption and production, footprints have
become a commonly used tool. Footprints are measuring pressures on environment and
natural resources due to anthropogenic activities (see further section 3.3) and the Global
Footprint Network and the Water Footprint Network (Steen-Olsen et al. 2012) are two
examples of global projects that are developing this kind information (See further
Wackernagel and Rees 1998; Hoekstra et al. 2011; Galli et al. 2013). However, there are
several shortcomings associated with the methods such as lack and uncertainty of data and use
of different definitions and system boundaries (Steen-Olsen et al. 2012). Moreover, the tools
are only measuring the pressures, not the impacts, there are economic, social, and
environmental issues that are not tracked, and there are no robust tools concerning for
example non-renewable material resources such as phosphorus (Galli et al. 2012).

2.1 Problem formulation and research questions
The production and trade of soybean represent an intricate relationship between specific parts
of the world, imposing pressure on resource use and causing environmental impacts. The aim
of this thesis is to contribute to the methodological development of Ecological footprint
analysis by developing a spatially explicit risk index at sub-national scale for the integrated
analysis of pressure on resources and environmental impacts, caused by N and P consumption
due to UK demand of Brazilian soybean.
The following research questions will be addressed:
1. How can spatially explicit N and P footprints be calculated and integrated with an
assessment of environmental risk and impact for Brazilian ecosystems at sub-national scale?
2. What new knowledge and perspectives can be obtained by an integration of resource
pressure and environmental impacts at a sub-national level in footprinting methodology?
3

3. Background and state of the art
This chapter provides an overview of the practices and knowledge concerning methods for
estimating environmental pressures caused by production and consumption. First the Brazilian
soybean production and its use of fertilizer will be described followed by the associated risk
of nutrient leaching. Commonly used methods for measuring resource use of consumption and
production, and their potentials and draw-backs, will then be reviewed.

3.1 Soybean production in Brazil and the use of phosphorus and nitrogen
Brazil has during the past 50 years experienced an extensive development of the agricultural
sector and so also in soybean production, from producing 1 million tonnes in 1969 to 97
million tonnes in 2015 (Horvat et al. 2015; IBGE, 2017a). The country is the second largest
soybean producer in the world but is projected to surpass the United States, that are currently
the largest producer, as there is no sign of decreasing global demand for soybean. A large part
of the soybean production is exported as protein meal and oil and in some of the Brazilian
states soybean is the dominant crop. However, to sustain the Brazilian soybean production
large amounts of fertilizers are needed, soybean farming is responsible for 35 % of the
fertilizer consumption in the country. However, the domestic production of fertilizer is small
and 65 % of the total national consumption has to be imported (Horvat et al. 2015).
Phosphorus (P) and nitrogen (N) are essential nutrients in the Brazilian soybean production
but their biogeochemical flows are now judged to exceed the planetary boundaries, mainly
due to agricultural activities, as their overuse is causing eutrophication (Steffen et al. 2015).
Moreover, the use of fertilizer can contribute to soil acidification (Lehmann and Schroth,
2003) and phosphorus is a fossil resource that is subject to a complex geopolitical,
economically, and physical scarcity (Neset et al. 2016; Georges et al. 2016) with uncertainty
in estimations of current phosphorus reserves. The majority of phosphorus reserves are
located in Morocco/Western Sahara (72 %) (Neset et al. 2016). 82 % of utilised phosphorus
rocks are used for fertilizer production (Neset et al. 2016) and in 2014 the European
Commission included phosphate rock in the list of critical raw material essential to food
security (Georges et al. 2016). Since 2008 the prize on P fertilizer has been increasing and is
projected to rise even more in the future (Georges et al. 2016; Neset et al. 2016).
In the light of growing demand for food and especially animal protein, agriculture in the
tropical regions of the world is seen as playing a main role due to the presence of abundant
land resources, growing need for food and employment, and a will to increase the countries’
exports that can bring revenues (Alexandratos and Bruinsma, 2012). However tropical areas
are dominated by weathered soils that are P-fixing, that is iron and aluminium oxides binding
phosphorus in the soil and making it unavailable to the plants. To make P more available for
the plants lime is applied to the soil (Roy et al. 2016). 25 % of the world’s P-fixing
agricultural land is found in Brazil and around 50 % of Brazilian croplands are P-fixing. The
properties of Brazilian soils thus require high inputs of P fertilizers and lime causing high
costs for farmers (Roy et al., 2016). According to Roy et al. (2016) around half of the applied
P is recovered in the harvested soybeans, indicating that 50 % of added phosphorous is
retained in the soil. Current research has not been able to provide a clear answer on how long
it will take before Brazilian soils are saturated with P and thereby subject to a higher risk of
4

leaching (see section 3.2). A time span of 10 to 100 years has been suggested (Markewitz et
al. 2006; Riskin et al. 2012; Lathuillière et al. 2014; Roy et al. 2016) as it is clear that most
soils are not able to retain large amount of P forever (Batjes, 2011).
As 50-80 % of the N content in soybean plants comes from natural biological nitrogen
fixation, the need of N fertilizer is less than of P fertilizer. The relationship between N
fertilizer and biological nitrogen fixation seems to be complex. Fertilizer application appears
to harm nodulation and lessen the N fixation but applying less than 10 kg N/ha has shown to
increase N fixation from 52 to 58 % (Salvagiotti et al., 2009) while Hungria et al. (2006)
states that less than 30 kg N/ha increases soybean yield. Application of N is seen as an
important factor for increasing soybean yields and research is conducted to find the right
application amounts and method. Options that are investigated for optimum application are
foliar application, deep placement of fertilizer below the nodulation zone, or applying N
during reproductive stages (Salvagiotti et al. 2009). Hungria et al. (2006) aegue that the
nitrogen fertilizer application has increased since 1985 which is reflected in the fact that the
ratio of N from fertilizer in soybean has decreased from 65 to 54 %.

3.2 Nutrient leaching associated with fertilizer use and its impacts
Nitrate (NO3-) and phosphate (PO43-) are the forms of nitrogen and phosphorus that are
available for plant uptake due to their water solubility. Phosphate is applied to the soil directly
through fertilizer while nitrate is formed in the soil when ammonium, which is the most
common type of nitrogen fertilizer, is converted in the microbial process of nitrification
(Busman et al. 2009; Lamb et al. 2014). The nitrate and phosphate ions can then be taken up
by plants, remain in the soil as they are adsorbed to positively charged mineral particles, or be
transported further down-down the soil or to surface water through the movement of water
(Pearson and Brown, 2010). The nitrogen cycle is more complex as several microbial
processes take place simultaneously in the soil. Besides nitrification there is also
denitrification which converts nitrate to nitrous oxide, a gas that is emitted to the air. Nitrate
can also be immobilized by being incorporated in organic compounds (Lehmann and Schroth,
2003; Pearson and Brown, 2010). Other sources of nutrients in the soil can be manure,
compost, organic matter, septic tanks, and geological sources (Lehmann and Schroth, 2003).
The same property that makes nitrate and phosphate available to plants, that is water
solubility, is also what makes the ions prone to leaching. Nutrient leaching is defined by
Lehmann and Schroth (2003, p. 151) as “the downward movement of dissolved nutrients in
the soil profile with percolating water”. It is a natural process that is increased by agricultural
activity. Leaching of nutrients is determined by many different environmental, climate and
biogeochemical factors but overall it can be expressed as dependent on the mobility of the
nutrients in the soil and water movement (Lehmann and Schroth, 2003). Humid and seasonal
climates have higher risk of nutrient leaching because of higher water movement and sandy
and well-structure soils have higher water infiltration. If fertilizer is applied to the soil just at
the start of the rainy season there is a risk that the nutrients will be washed away by heavy
rain (IPNI, 2017). Topsoils are usually negatively charged which means that the negatively
charged anions nitrate and phosphate are more easily leached because they are not retained in
the soil. However, further down in the subsoil, especially in tropical regions such as Brazil,
the net charge of the soil is positive and therefore anions, like nitrate, are retained in the soil.
Other circumstance of anthropogenic origin can also have an impact on nutrient leaching,
such as vegetation cover, tillage practices, and drainage tiles (IPNI, 2017).
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Organic phosphate forms are more mobile than phosphate and can be transported from the
farmland by erosion of soil particles (Lehmann and Schroth, 2003). Erosion can therefore
contribute to nutrient leaching if the eroded sediment reaches surface water. Some of the most
agricultural intensive states of Brazil are prone to high erosion risk, however the processes of
leaching form eroded sediment appear to be complex and it is difficult to assess the impacts
(Sancheza et al. 2003; Markewitz et al. 2006; Marco da Silva, 2011; Carneiro et al. 2016).
The leaching of nitrate and phosphate can cause eutrophication in water bodies result in toxic
cyanobacterial algal blooms which can be harmful for animals and sometimes deteriorate
drinking water quality (Compton et al. 2017). Eutrophication can have a negative impact on
species that are dependent on healthy surface water, this has especially been seen in larger
freshwater bodies. However, the relationship seems to be complex and can differ at regional
and local scales and is dependent on taxonomic groups. At landscape level, it has been found
that eutrophication puts great pressure on the ecosystems of small freshwater reservoirs
(Rosset et al. 2014). Moreover, there is some evidence that nitrate ions in drinking water are
related to cancer occurrence in humans (Leip et al. 2015).
The weathered soils of Brazil, such as oxisols and ultisols, are naturally acidic but the pH is
lowered further by agricultural practices, causing soil acidification. The uptake of basic
cations by crops, soil management that causes erosion and movement of soil horizons that are
more acidic, use of nitrogen fertilizer (nitrate ions lower the pH of the soil), and oxidation of
sulphur and soil organic matter are processes causing acidification (Vieira et al. 2008;
Cherubina et al. 2015). In acidic soils ions that are important for plant growth, such as
calcium and magnesium, are less available for uptake and aluminium ions are more abundant,
which is toxic for plants (Vieira et al. 2008; Caires et al. 2015). Soil acidification can increase
leaching and make it difficult for plants to prosper as acidic conditions are harmful for the
roots and prevents them from taking up essential elements, causing implications for future
food production (Lehmann and Schroth, 2003).
Both eutrophication and soil acidification can have negative effects on biodiversity. A high
biodiversity is considered to strongly influence ecosystem stability, even though the
relationship is not entirely understood, which is of outmost importance for the human
population (Markandya, 2015). The biodiversity in the tropical habitat of Brazil, that are
undergoing conversion to agricultural lands, is not only very rich in species but the species are
also relatively more sensitive, vulnerable, or endemic, which make the effects of
eutrophication and soil acidification more sever in this area (Schiesari et al. 2012). The human
society is reliant on well-functioning ecosystem services, usually defined as provisioning
services; such as food, fibre, fuel, medicines, and fresh water, cultural services; such as
spiritual and religious values, education, inspiration, aesthetic, cultural heritage, recreation,
and ecotourism, and supporting services; such as primary production, nutrient cycling, and
soil formation (Markandya, 2015).

3.3 The footprint family
There are three frequently used footprints in the so called “footprint family”: ecological,
carbon, and water footprints. The ecological footprint is a combined measure of several
anthropogenic pressures, accounting for the amount of land used for human activities, such as
cropland, grazing land, fishing, forest, land required for carbon uptake, and built-up area. The
results are reported as global hectares and are generated by data from process-based LCA and
commodity trade. The land footprint is a version of the ecological footprint, excluding land
6

required for carbon uptake as it could be considered already captured by the carbon footprint.
Greenhouse gas emissions, directly or indirectly caused by activities or the lifespan of
products are included in the carbon footprint, which utilise a multi-regional input-output
model (see 2.2) to allocate emissions to national consumption, including imports and
excluding exports. Water footprints account for the volume of blue (surface and
groundwater), green (rainwater), and grey (freshwater needed to alleviate pollution) water
used, directly or indirectly, for consumption and production, based on the same type of data as
the ecological footprint. (Galli et al. 2012; Steen-Olsen et al. 2012). Footprint accounting can
be applied to a wide range of products, processes, sectors, individuals, nations, and the world,
but it cannot be considered a full measure of sustainability. Furthermore, the footprint
methods include only pressures, not the resulting impacts they have on the environment, and a
reliable material footprint method is missing. These drawbacks of the footprint methods
available have resulted in calls for further development (Galli et al. 2012).
It has been debated whether the footprints should be based on a production or consumption
perspective. The production approach will only include the resource use and impacts caused
by domestic production and not the real impact a country’s consumption has on the
environment. Studies have shown that land, water, and carbon footprints based on
consumption are larger for OECD or European countries, that are usually net importers, than
if they are based on production. The contrary applies for countries in Asia and Latin America,
where most of developed countries import from, which implies that the trade and
consumption patterns are relocating and scattering the environmental effects (Steen-Olsen et
al. 2012; Ali 2017). For policy implementation, this means that the focus should be on the
consumption in developed countries, which is more difficult to tackle than the production
side. Ali (2017) emphasises that the trade relationships are complex and trade-offs between
scale of consumption and the efficiency of production must be considered.
Another shortcoming of these footprint calculations has been the scale of detail, especially
when it comes to agricultural products that are usually combined into a few large groups. By
analysing impacts at a finer scale, such as regions, municipalities, products etc., a deeper
understanding of trade relationships and economic interests can be gained. The nature and
size of the impacts are dependent on local conditions, for example for water footprints the
water scarcity of the area is of great importance when interpreting the water footprint, see
further 3.6 (Steen-Olsen et al. 2012; Godar et al. 2015).

3.4 N and P footprints
As an addition to the three footprints described in 3.3, a need for resource footprints has been
expressed, since the use of other natural resources than water or land is not included (Galli et
al. 2012). The grey water footprint is sometimes used as a proxy for P and N leaching to
freshwater caused by production and consumption and there are several studies that have
developed N footprints (Leach et al. 2012; Gu et al. 2013; Leip et al. 2014; Steven et al. 2014;
Grönman et al. 2016; Oita et al. 2016; Shibata et al. 2017). However, there is still a lack of
standardization and robustness in methods for these footprints (Galli et al. 2012; Grönman et
al. 2016) and there is a lack of research regarding the phosphorus use, which could be
explained by difficulties in modelling phosphorus emissions (Mekonnen et al. 2016).
A shared theme for the N footprint studies is that they all address the pressure of the country’s
total consumption and production of N, but not linked to a specific location of production.
Leach et al. (2012) defines the N footprint as the emission of reactive N (all N species except
7

N2) during production, consumption and transportation of commodities in a country,
regardless of place of production and they have created the tool “N-Calculator” for this
purpose. Shibata et al. (2017) calculated the N footprint for ten countries using the Ncalculator. Steven et al. (2014) used N-print to calculate UK footprints. Leip et al. (2014)
calculated N losses to the environment per food product in the EU. Oita et al. (2016), Gu et al.
(2013), and Grönman et al. (2016) used N mass balances and global N cycles for calculating
the per capita footprints of nitrogen. Metson et al. (2012) have estimated the P footprints of
diets based on P use efficiency for crops. A common finding is that food is the greatest
contributor to nutrient footprints and that developed countries have higher per capita
footprints than developing countries.

3.5 Development of Environmentally Extended input-output analysis (EE
MRIO)
Footprint methods have their origin in input-output analysis (IO) where input-output tables
(IOT) are used to describe the supply chains of a country by following financial transactions
between sectors, producers and consumers (Galli et al. 2013; Bruckner et al. 2015). As it has
become clearer that changes in human-nature systems in one place generate economic, social
and ecological impacts somewhere else, through the complex telecouplings that include
multiple actors and systems working at different scales, the footprint research has taken an
interest in the embedded land use in trade (virtual land trade). To be able to investigate this
phenomenon, IOT for different countries and regions and bilateral trade flows have been
combined to create multi regional input-output analysis (MRIO). Several large-scale
international projects have been initiated as a consequence of this development: the Eora
MRIO database, Global Trade Analysis Project – GTAP, and the World Input-Output
Database – WIOD (Wenz et al. 2015). A further dimension was added when environmental
data was integrated into the model to create the environmentally extended input-output
analysis (EEIOA or EEMRIO), which made it possible to track resource use and pollution
throughout the supply chain to final consumption (Galli et al. 2013; Bruckner et al. 2015).
The results of these methods are dependent on the quality and availability of national and
global data, often limited by lack of data, why it has become common to make case studies for
particular countries where data is available (Tukker and Dietzenbacher, 2013). The effect of
aggregating/disaggregating data at spatial and product level has been researched by for
example de Koning et al. (2015) who found that depending on the aggregation level,
footprints can differ from a few percent up to 25 %. Environmental data usually has a higher
resolution and detail than financial data and products are often aggregated into product
groups. When integrating information at different spatial, temporal, and physical level in EE
MRIO there is a risk of creating aggregation errors, especially for environmental data (Lenzen
et al. 2011; Tukker and Dietzenbacher, 2013). Both Lenzen et al. (2011) and de Koning et al.
(2015) recommend keeping the most detailed data as it is and disaggregating the more general
data. If an aggregation is needed for the purpose of the result it should be conducted in the end
of the process. As the integrated data often has different classifications, base years, and
methods (Lenzen et al. 2011) it is necessary to harmonize and transform and also perhaps
make estimations of the data. Some of the problems that can arise during these operations can
only be solved by choice and assumptions, according to Tukker and Dietzenbacher (2013),
which will lead to different results that are equally possible. They argue that it will not be
fruitful to try to implement a common standard due to the complexity of the topic but it is
important to use the same definitions and similar and consistent system boundaries within one
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fooprinting process while paying attention to these when comparing results of footprint
calculations.
Hybrid methods have become more common in footprint assessments as they have proven
successful and more flexible when data quality and availability differ. A hybrid method
combines components from monetary (environmental-economic accounting) input-output
analysis with physical accounting which makes it possible to choose for example physical
accounting for raw material and products with low level of processing and environmentaleconomic accounting for processed commodities and finished goods with more complex
production chains. The method provides information on the total upstream requirements and
thereby indirect effects and can compensate for problems related to aggregation. There are
however draw-backs with hybrid methods, such as time-lags between production of used raw
data and publication of results, limited level of detail (although mainly affecting the upstream
flows of higher processed products), and it can be difficult to compare results as different
types of hybridisation can be used and the linkage between physical and environmentaleconomic accounting can be done at different stages of the supply chain (Bruckner et al.
2015).
There are several challenges that have been discussed through the years regarding these
methods. The global supply chains become more complex as the trade of intermediate
products increase and the countries that appear to be consumers can in fact be a place of
processing before export, which can make traditional trade data of import and export false.
Considering a consumer versus producer and responsibility perspective this must be
acknowledged when allocating responsibility (Tukker and Dietzenbacher 2013).

3.6 Spatially Explicit Information on Production to Consumption System model
(SEI-PCS/Trase)
Traditional trade analyses rely on aggregated national data with the assumption that social and
ecological conditions are homogenous at country level, leading to false causal links. To be
able to form effective and fit-for-purpose policies which ultimately reduce the impacts of
consumption, the obscured links between consumers and producers have to be disclosed and
the global-scale perspective has to be connected with local-scale sustainable development
(Liu et al. 2013; Godar et al. 2015).
To localize the place of production of different commodities is becoming increasingly
complex as production processes are scattered over the world with increased trade in
intermediate products in the global supply chains (Tukker and Dietzenbacher, 2013; Godar et
al. 2015). To make supply chains more sustainable, precise data on the source of products is
needed as the nature and size of environmental and social impacts of consumption are
determined by the specific conditions at the place of production (Godar et al. 2015). Godar et
al. (2015) have developed the tool Spatially Explicit Information on Production to
Consumption System model (SEI-PCS, now further developed to Trase
http://www.trase.earth/) to identify the real location of production, connecting sub-national
levels (for example municipality) with international trade flows. In this method, data on
domestic and international flows is connected with detailed production data at sub-national
scale (for example municipalities or states) using physical allocation from bilateral trade or
MRIO models. The model was applied to soybean production in Brazil and investigated the
development of soybean farming and its links to consumption in China, the EU, and the
Nordic countries. Through this fine-scale analysis it was discovered that soybean
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consumption by EU has moved from the south regions of Brazil (2001) to the southern and
western Cerrado and the forested areas in the northern Cerrado and eastern Amazon (2011).
This kind of information has implications for the assessment of environmental impact since
the production is shifted from an area that has been cultivated for a long time to the
agricultural frontier where land-use change is taking place (Godar et al. 2015).
When utilizing data from the SEI-PCS model to develop high-resolution water footprints of
sugarcane and soybean in Brazilian municipalities, Flach et al. (2016) found that the results in
some cases deviated with 20 % from traditional water footprints. The results were also linked
to water stress in Brazil which is an example of how the footprint methodology can be
developed to addresses environmental impacts as well as pressures.
As describes in the preceding sections, the increasing food consumption, especially of meat,
can cause large environmental impacts. Brazil plays a major role in providing protein-rich
soybean feed for global meat production and in doing so, large amounts of N and P fertilizers
are consumed. Considering the importance of Brazilian biodiversity and the harmful effects of
nutrient leaching from soybean production, causing for example eutrophication and soil
acidification, it is important to track the use of fertilizer and its impacts and also connect these
impacts to the responsible consumer. Currently there is no method performing such a task
why this thesis is developing a spatially explicit enhanced footprinting method that identifies
consumption of phosphorus and nitrogen in soybean production, risk of nutrient leaching and
the possible risk for biodiversity, at sub-national level connected to soybean export to the UK.
The relationship between the UK and Brazil is an example of how environmental
deterioration, caused by the consumption of rich developed countries, is externalised to
developing countries.

4. Materials and methods
In this chapter, the data utilised and steps taken to achieve the results will be described.
Scope, limitations, and data sources will first be presented, as well as an agricultural and
geographical background for the Brazilian soybean production. Thereafter the method for
creating a nutrient leaching risk index and associated maps will be explained and finally the
uncertainties in data and methods will be discussed.

4.1 Scope, data, and summary of procedures
Data was collected from national statistical databases and previous research in the field. The
tool used to analyse the data was ArcMap 10.4.1, as the spatial aspects of the data was the
focus of the study. In this chapter, the raw data and its sources will be presented, the processes
and manipulations performed will be explained, and finally the choices made and
uncertainties in data and methods will be considered. In Table 1 an overview of the data used
in the thesis is presented. As seen the data covers a variety of temporal and spatial scales. The
year 2011 was in focus as a consequence of data availability of soybean production in Brazil
for UK consumption, provided by SEI-IOTA (2017). For being able to integrate and process
data from different sources and concerning different factors, the year 2011 has been chosen
when possible.
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Table 1. Data sources used and their characteristics.
Data
Brazilian soybean production,
tonnes

Source
IBGE (2017a)

Year of data
2011

Geographical scale
Municipality

Brazilian soybean land-use,
hectares
N and P consumption, tonnes

IBGE (2017b)

2011

Municipality

IBGE (2017c)

2011

N and P consumption, kg/ha

IBGE (2017d)

2011

FAO (2004)

2002

State
Region
State
Region
Region

2008

Scale 1:5 000 000 (global)

2002

Cell size 0.5 degree (global)

-

Cell size 0.008989 degrees
(Brazil)

Distance to surface water
Amphibian species in Brazil

Fischer et al.
(2008)
Fekete et al.
(2002)
Marco da Silva
et al. (2011)
Obtained
by
personal
communication
ANA (2016)
IUCN (2016)

2016

Freshwater species in Brazil

IUCN (2016)

2016

Soybean production for UK
consumption
Soybean production for EU
consumption
Soybean production for China
consumption
Soybean consumption in UK,
per product group
Population for UK, EU, and
China

SEI-IOTA
(2017)
SEI-IOTA
(2017)
SEI-IOTA
(2017)
SEI-IOTA
(2017)
The
World
Bank (2017)

2011

Brazil
Polygon
Global
Polygon
Global
Municipality

2011

Country

2011

Country

2011

Country

2011

Country

N and P consumption
soybean farming, kg/ha
Nutrient retention

in

Surface runoff
Natural potential for erosion

Fertilizers consist of the elements nitrogen (N), phosphorus (P), and potassium (K). However,
the scope of this study only covers nitrogen and phosphorus since the environmental impacts
of production and use of them are judged as more serious and extensive than potassium
(Grönman et al., 2016) and the use of phosphorus is subject to global scarcity issues (George
et al. 2016; Neset et al. 2016). Data for phosphorus consumption is reported as P2O5 in the
two main data sources used, IBGE and FAO (2004), and since P2O5 contains 44 % (IPNI,
2011) the data was recalculated to show the consumption of the element P. This was done to
make the data align with other studies conducted in the field of phosphorus resource use. In
Figure 1, a summary of the data used and in what step in the methodological development
they were applied. See Annex 1 for a GIS flow-chart.
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Input

Fertilizer leaching
risk factors

N and P application
rate kg/ha

Natural potential for
erosion

Fertilizer use by crop
in Brazil (FAO, 2004)

Nutrient retention

(region)
Soybean land-use
2011 (municipality)

Risk/Impact

Application SEI-IOTA

N and P adjusted
Nutrient leaching risk
index

Brazilian land-use for
soybean
UK, EU and China
2011
(municipality)

Surface runoff
Species richness

Distance to surface
water

UK soybean demand
for product groups

Figure 1. Summary of data used and steps taken to achieve a nutrient leaching risk index and
the associated risk of biodiversity index and a spatially explicit sub-national footprint for the
UK.
The following steps were taken to reach the final results:
1. Fertilizer input
a. N and P consumption in Brazilian soybean production
b. N and P consumption in Brazilian soybean production – municipal level
2. Fertilizer leaching risk factors
a. Nutrient retention
b. Surface runoff
c. Natural potential for erosion
d. Distance to surface water
e. Lrisk – Nutrient leaching risk index
3. Fertilizer risks and impacts
a. Nrisk and Prisk – Nutrient leaching risk index and consumption of N and P
b. Nbio and Pbio – Extended footprint with risk of biodiversity impact
4. Application to SEI-IOTA trade model
a. N and P footprints for soybean production for UK, EU, and China
b. UK product group specific N and P consumption
c. N and P consumption in Brazilian soybean production for the UK – municipal
level
d. Nrisk, Prisk, Nbio, and Pbio for UK import of Brazilian soybean
e. Municipality case study of Pbio

4.2 Brazilian agricultural context
As reference for maps used throughout the thesis, maps with names of the biomes (Figure 2a),
states, and regions (Figure 2b) of Brazil are presented in Figure 2. The different geographical
and jurisdictional divisions will be referred to in the text but in some cases, they will not be
displayed directly on the maps since that would obscure the details of the results. Sources for
the base maps used in all the maps are IBGE (2016) and Gadm (2015).
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a)
b)
Figure 2. a) Biomes of Brazil. b) States and regions of Brazil.
4.2.1 Brazilian soybean production
As a base for further analysis of N and P consumption and related environmental impacts, the
soybean producing areas of Brazil were investigated by using data form the statistical
database Sistema IBGE Recuperação Automática – SIDRA (Instituto Brasileiro de Geografia
e Estatística/Brazilian geographical and statistical institute) that provides data for crop
production (hectares, tonnes, and yield) at the spatial scales of country, region, state, and
municipality from 1990 and onwards.
The production of soybean is concentrated to the central and southern parts of Brazil with the
most intense production in the state Mato Grosso and the western parts of Bahia (Figure 3).
The ecological important biomes Cerrado and Amazon have not been left unaffected by the
farming development in Brazil. The Cerrado is to a large extent converted to soybean farming
and in the southeast part of the Amazon the intensity of soybean farming is high. The maps in
Figure 3 were used for extracting the soybean production areas of Brazil from other maps
created in this thesis.
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a)
b)
Figure 3. a) Soybean production in Brazilian municipalities in 2011, 1000 tonnes (IBGE,
2017a). b) Land-use for soybean production in Brazilian municipalities in 2011, 1000 ha
(IBGE, 2017b).
4.2.2 Consumption of nitrogen and phosphorus in Brazilian agriculture
Data on fertilizer consumption is compiled by ANDA - Associação Nacional para Difusão de
Adubos (Brazilian national association for fertilizer diffusion) and was collected from the
IBGE database. At the moment, fertilizer data for the period 2007-2014 is available although
data for some earlier years can be found in the publication Indicadores de desenvolvimento
sustentável – Brasil.
IBGE reports the data as N and P2O5 “reaching final consumer”, in absolute tonnes, which can
be interpreted as the amounts purchased by farmers. Thus, it is important to point out that this
data does not tell what is actually applied to the soil. As a result, the term “N and P
consumption” will be utilised throughout the thesis rather than “N and P use” or “N and P
application”, as those terms can imply that the numbers are representing what is applied to the
soybeans in reality. The data is reported at country, region, and state level for the entire
agricultural sector and does not include any crop specific data or details about type of
fertilizer. Large amounts of nitrogen are consumed in the south-eastern states and the
consumption of phosphorus appear to follow the same pattern as soybean production and land
use. Mato Grosso and its neighbouring states to the east and south have extensive soybean
production and also higher consumption of phosphorus, both in absolute tonnes and per
hectares (IBGE, 2017c, d).
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In Table 2 the consumption (kg/ha) of N and P in Brazilian agriculture from FAO (2004) is
presented together with statistics for 2011, both for regional and state level, collected from
IBGE (2017d). There is a large variety in the data within each region that is lost when
viewing the data at regional level. When comparing the regional data from FAO (2004) and
IBGE (2017d) it is clear that the consumption per hectares has increased between 2002 and
2011, especially in the North, Northeast, Southeast, and South. To investigate the robustness
of the data of FAO (2004) and the cause of change of N and P consumption, statistical
analysis was conducted to explore correlations between crop production and use of fertilizer,
utilizing data from IBGE. The findings showed that, at state level, there were indications of a
link between increased soybean production and increased consumption of N and P (see Annex
3). However. there are other factors that could influence the consumption of N and P and
increase in soybean production, such as changes in cultivation methods, technology used,
land-use, and cultivation on new soil types, that are beyond the scope of this thesis. Therefore,
the data of FAO (2004) was judged at the best available data for this study.
Table 2. Consumption of N and P (kg/ha) in Brazilian agriculture. FAO data is taken from
Fertilizer use by crop in Brazil (FAO, 2004) and represent the year 2002. IBGE is statistical
data from IBGE (2017d), representing the year 2011.
FAO
Region

State

North

Rondônia (RO)

Northeast

IBGE

N

P

10.5
2.4

Amazonas (AM)

4.3

1.3

Roraima (RR)

51.0

21.2

Pará (PA)

17.9

11.4

Amapá (AP)

35.1

19.9

Tocantins (TO)

25.1

27.6

15.9

20.8

12.7

18.5

2.7

0.6

Rio Grande do Norte (RN)

14.7

4.7

Paraíba (PB)

14.9

2.8

Pernambuco (PE)

24.0

4.7

Alagoas (AL)

52.5

9.7

Sergipe (SE)

40.2

11.6

Bahia (BA)

32.3

23.3

22.5

14.3

14.8

Piauí (PI)
Ceará (CE)

Southeast

South

Central west

P
3.1

8.4

16.5

N
8.9

15

7.0

P

Acre (AC)

Maranhão (MA)

7

N

IBGE

Minas Gerais (MG)

116.4

36.6

Espírito Santo (ES)

113.7

15.2

Rio de Janeiro (RJ)

34.7

8.6

São Paulo (SP)

79.2

21.0

41.4

23.7

Santa Catarina (SC)

71.7

21.6

Rio Grande do Sul (RS)

57.3

26.3

36.2

24.6

Mato Grosso (MT)

31.3

32.7

Goiás (GO)

58.5

40.3

Distrito Federal (DF)

65.4

39.6

Paraná (PR)

Mato Grosso do Sul (MS)

63

31

22

15

23.3

21.6

33.4

93.7

50.5

39.7

59.4

24.6

33.2

4.3 Fertilizer input
4.3.1 N and P consumption in Brazilian soybean production
For obtaining the amounts of N and P consumed in soybean farming, data on fertilizer
consumed per hectares of soybean planted was needed. The only country wide information for
fertilizer consumption per hectares for soybean farming in Brazil is reported by FAO (2004)
in Fertilizer Use by Crop in Brazil, at regional scale (North, Northeast, Central west, South,
and Southeast). The data is not collected as primary data but the consumption of N and P2O5
is calculated for a number of crops, as well as for the average use of fertilizer in Brazilian
agriculture, using data produced by ANDA for the year 2002. The numbers were calculated
based on planted area, crop demand, and standard fertilizer formulae for the crop and adjusted
to total fertilizer consumption for each crop and the average consumption of nutrients in
Brazil. In the report, it is pointed out that there is a lack of this kind of statistics in Brazil
(FAO, 2004).
4.3.2 N and P consumption in Brazilian soybean production – municipal level
To fulfil the purpose of this study the consumption of N and P has to be downscaled to a
municipal level. This was done by connecting the FAO (2004) data at a regional level with
municipal soybean land use for 2011 downloaded from IBGE (2017d). Every municipality
was assigned the value of N and P consumption (FAO, 2004) of the region the municipality
belongs to. That value was multiplied with the hectares of soybean cultivation (IBGE, 2017d)
in every municipality (equation 1).
Equation 1: 𝑁𝑀𝑆 𝑜𝑟 𝑃𝑀𝑆 = 𝑁𝑅𝑆𝑟𝑎𝑡𝑒 𝑜𝑟 𝑃𝑅𝑆𝑟𝑎𝑡𝑒 × 𝐿𝑀𝑆
Where:
NMS or PMS = N or P consumption (kg) in soybean farming at municipal level.
NRSrate or PRSrate = N or P consumption (kg/ha) in soybean farming at regional level (FAO,
2004).
LMS = Land-use (hectares) for soybean farming at municipal level (IBGE, 2017b).
Maps of the results were created with ArcMap 10.4.1 and the results were also aggregated at
state level so the proportion of total N and P consumed in Brazilian agriculture could be
calculated. The N and P data was divided by municipality hectares before used in any
calculations with other data, since the other data was at a finer resolution than municipality.

4.4 Fertilizer leaching risk factors
The nutrient leaching risk index was based on present knowledge of parameters influencing
nutrient leaching in soils, which is mainly connected to nutrient and water mobility. As soil
processes are complex and site specific this thesis does not attempt to give exact data for
nutrient leachate in Brazil but rather intends to be used as an indication of in which areas there
could be higher and lower risks for leaching due to natural factors. The parameters included
were nutrient retention, natural potential for erosion, surface runoff, and distance to surface
water. These were utilised based on previous studies made by Orlikowski et al. (2011),
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Eghball and Gilley (2001), Shigaki et al. (2006), and Lorz et al. (2013). Fertilizer method,
timing and type of fertilizer used (Shigaki et al., 2006; Egball and Gilley, 2011), subsurface
flow, slope, soil texture, and root zone available water capacity (RZAWC) are other
parameters that are mentioned as influential (Orlikowski et al. 2011; Lorz et al. 2013) but
here, they have been judged as either anthropogenic or already included in the used
parameters.
Materials and methods for each parameter that was used to evaluate the nutrient leaching risk
will be presented separately before the creation of the combined nutrient leaching risk index is
described. All four datasets were obtained in file formats usable in the GIS tool ArcMap
10.4.1 and they were all projected to SIRGAS 2000 Brazil Mercator (unit meters) with the cell
size 200 m, since that resolution was required for Distance to surface water (see section
4.4.4). A layer containing information on surface water for Brazil (see 4.4.4) was used for
extracting Brazilian data from the global datasets and excluding surface water from all the
layers, so when creating the nutrient leaching risk index all layers would cover the same areas.
All data was normalized (0-1) before the last nutrient leaching risk index was created, as the
original units and ranges differed and the impact of the factors were assumed to be equal. For
each layer, and the combined nutrient leaching risk index, two maps were created, one for the
whole of Brazil and one showing the risk in the current soybean production area. Moreover,
the four parameters and the nutrients leaching risk index were all multiplied with N and P
consumption in Brazilian soybean production to create an integrated risk index.
In the following sub-sections, the data and sources for nutrient retention, natural potential for
erosion, surface runoff, and distance to surface water will be described along with methods
used in ArcMap to 10.4.1 to create the final combined nutrient leaching risk index, in form of
a map.
4.4.1 Nutrient retention
Data for nutrient retention, that is the capacity of the soil to retain nutrient such as nitrogen
and phosphorus, was obtained from the Harmonized World Soil Database v. 1.2 (Fischer et
al., 2008), created by FAO in collaboration with other organizations. The data was a raster file
with the scale 1:5 000 000, with global cover, combining information on soil texture, base
saturation, and cation exchange capacity of soil and clay fractions. The nutrient retention
capacity was classified in 7 categories, with 1 denoting soils with low nutrient retention, and
thereby high risk of leaching, and 7 denoting soils with high nutrient retention, that is low risk
of leaching. This scale was reclassified in a reverse order so that higher values meant higher
risk for nutrient leaching and vice versa to match the scales in the other layers used in the
nutrient leaching risk map.
4.4.2 Natural potential for erosion
For estimating the potential for erosion, data from Natural Potential for Erosion for Brazilian
Territory (Marco da Silva et al. 2011) was acquired (by personal communication). The
authors calculated the natural potential of erosion (NPE) using a modification of the Universal
Soil Loss Equation (USLE), that in its original form calculates the rate of soil loss – A (t ha-1
y-1) taking into account annual rainfall erosivity – R (MJ mm ha-1 h-1 y-1), soil erodibility – K
(t h MJ-1 mm-1), slope length - L (m), slope steepness – S (%), cropping management factor –
C, and conservation practises factor – P. Marco da Silva et al. (2011) excluded the last two
factors, which are connected to human activities, to obtain the natural potential for erosion,
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expressed in t ha-1 y-1. This layer thus incorporates information about precipitation, soil
profile, topography, and their interactions. The data was obtained as a raster file with the cell
size 0.008989 degrees (1023 m in SIRGAS 2000 Brazil Mercator), which was the finest
resolution of all the data used.
4.4.3 Surface runoff
A GIS layer with information on surface runoff, with the unit millimetre water per year (mm
y-1), was created from Global Average Annual Surface Runoff (Fekete et al. 2002), a global
raster dataset (cell size 0.5 degree) based on values computed from monthly modelled runoff
for years 1950-2000 using UNH Water Systems Analysis Group Water Balance Model
(Fekete et al., 2002). As the data did not geographically match the other layers for the nutrient
leaching risk map, empty pixels were assigned values based on the mean of the three closest
pixels to cover the same geographical extent as the other datasets used. This step was taken to
avoid empty pixels in the final nutrient leaching risk index map. The layer was moved 0.4
degrees south and 0.13 degrees to the east as it was apparent from comparing with the water
courses of Brazil (section 4.4.4) that it was not aligning correctly.
4.4.4 Distance to surface water
From ANA Agencia Nacional de Agua - The National Water Agency of Brazil (2016) a
shapefile containing information about rivers, lakes, and surface water of Brazil was collected
and used for creating a raster layer over Brazil with no surface water, to be used in other maps
to make the spatial distribution of surface water visible and excluding those areas from the
results, and for generating a raster layer with information about distance to water. The result
was divided into three classes, 0-200 m, 200-800 meter, and >800 meter, according to
classification suggested by Lorz et al. (2014). The first class indicates the highest risk of
nutrients reaching the water body and was therefore assigned the number 1, to harmonize with
the normalized scales of the other layers. The second class was assigned 0.5 and all the cells
with a value over 800 meters were assigned 0. No map for presentation in the result chapter of
this thesis was created since it will not provide useful information other than the presence of
surface water.
4.4.5 Lrisk – Nutrient leaching risk index
The nutrient leaching risk index – Lrisk – was created by adding the four previously described
layers (nutrient retention, natural potential for erosion, surface runoff, and distance to surface
water) using Raster calculator. The final result covered a potential range of 0-4 but was
normalized to the range 0-1.

4.5 Fertilizer risks and impacts
4.5.1 Nrisk and Prisk – Nutrient leaching risk index and consumption of N and P
The nutrient leaching risk index shows the potential for nutrient leaching in different areas of
Brazil. However, soybean is not cultivated everywhere and the use of fertilizer differ (see
table 2). This means that in some areas there can be a higher leaching of nutrients even though
the nutrient leaching risk index is low caused by very high consumption of N and P. Since the
risk of nutrients leaching increases with higher use of fertilizer, the municipal consumption of
N and P in soybean farming (section 4.3.2, equation 1) was multiplied with the nutrient
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leaching risk index (equation 2) to show the situation related to consumption of N and P in
different areas of Brazil in 2011.
Equation 2: 𝑁𝑟𝑖𝑠𝑘 𝑜𝑟 𝑃𝑟𝑖𝑠𝑘 = 𝐿𝑟𝑖𝑠𝑘 × 𝑁𝑀𝑆 𝑜𝑟 𝑃𝑀𝑆
Where:
Nrisk or Prisk = Nutrient leaching risk due to natural parameters for nutrient leaching and N or P
consumption.
Lrisk = Nutrient leaching risk index due to natural parameters for nutrient leaching.
NMS or PMS = N or P consumption (kg) in soybean farming at municipal level.
4.5.2 Nbio and Pbio – Extended footprint with risk of biodiversity impact
To investigate the risk of N and P consumption in soybean cultivation imposed on
biodiversity in Brazil, data for amphibian and freshwater species was downloaded from IUCN
(2016) since they are the species most affected by nutrients leaching to freshwater. The
species richness was calculated using an ArcMap tool developed by IUCN (IUCN, 2017),
resulting in two maps with numbers of amphibian and freshwater species per cell. These two
maps were added together to create a total species richness map for Brazil (200 meter cell
resolution).
For making an analysis of the possible impact of nutrient leaching risk on biodiversity in
Brazil an extended N and P footprint was created, Nbio and Pbio. Nrisk and Prisk were multiplied,
respectively, with normalised (0-1) data for species richness to create this new result
(equation 3).
Equation 3: 𝑁𝑏𝑖𝑜 𝑜𝑟 𝑃𝑏𝑖𝑜 = 𝑁𝑟𝑖𝑠𝑘 𝑜𝑟 𝑃𝑟𝑖𝑠𝑘 × 𝑆𝑅
Where:
Nbio or Pbio = Risk for impact on biodiversity from nutrient leaching caused by N or P
consumption in soybean production.
Nrisk or Prisk = Nutrient leaching risk due to natural parameters for nutrient leaching and N or P
consumption.
SR = Species richness, number of amphibian and freshwater species.

4.6 Application to SEI-IOTA trade model
4.6.1 N and P footprints for soybean production for UK, EU, and China
SEI-IOTA (2017) has estimated the proportion of soybean production in Brazilian
municipalities exported to different countries, which makes it possible to investigate in which
municipalities a country’s Brazilian soybean consumption will have more or less impacts. The
focus of this essay is the United Kingdom, why the main result of this section dealt with the N
and P consumed in soybean production for export to the UK. However, since the UK is a
member of the EU and China is a major global actor in natural resource trade, the EU and
China were also included for comparison. In the data for the EU, the UK has been excluded to
avoid double counting.
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To calculate the N and P footprint for soybean production destined for export to UK, EU, and
China, respectively, the total export (tonnes) of soybean from Brazil to each country and the
export (tonnes) from each state in Brazil to the three countries were obtained from SEI-IOTA
(2017). The footprints were then calculated by multiplying the percentage of soybean
exported (from Brazil and from each state in Brazil) to the respective country with the amount
of N and P consumed for soybean production (in Brazil and for each state in Brazil), as the
ratio of soybean production reflects the ratio of N and P consumed. The results were then
divided by respective countries’ population for 2011, collected from the World Bank (2017)
(equation 4).
Equation 4: 𝑁𝑓 𝑜𝑟 𝑃𝑓 =

𝑆𝑟𝑎𝑡𝑖𝑜 ×𝑁𝑆 𝑜𝑟 𝑃𝑠
𝑃𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛

Where:
Nf or Pf = kg N or P consumed per UK, EU, or China capita for soybean production in Brazil
or Brazilian states destined for export to UK, EU, or China.
Sratio = ratio of soybean production in Brazil or Brazilian states destined for export to UK, EU,
or China.
NS or PS = kg N or P consumed in soybean production Brazil or Brazilian states.
4.6.2 UK product group specific N and P consumption
As SEI-IOTA (2017) also allocates the export of soybean from Brazil to the UK to different
product groups consumed in the UK, it was possible to calculate the N and P consumed in
Brazil for these product groups. This was done by equation 5:
Equation 5: 𝑁𝑐 𝑜𝑟 𝑃𝑐 = 𝑆𝑐𝑟𝑎𝑡𝑖𝑜 ×𝑁𝑈𝐾 𝑜𝑟 𝑃𝑈𝐾
Where:
Nc or Pc = kg N or P consumed for a particular product group (see Annex 4) consumed in the
UK.
Sratio = the ratio of Brazilian soybean production exported to the UK and used for a particular
product group.
NUK or PUK = kg N or P consumed in Brazilian soybean production destined for export to the
UK.
4.6.3 N and P consumption in Brazilian soybean production for the UK – municipal level
Data on soybean production in Brazilian municipalities for export to the UK was obtained
from SEI-IOTA (2017) that uses a hybridised multi-regional input-output model integrating
data from Trase, FAO and Global Trade Analysis Project. The data involves empirical world
trade statistics but also includes several assumptions and can therefore not be considered
giving an entirely true picture of the UK import of soybean from Brazil, however the data is
more precise than produced by other MRIO models since it assigns production to final
consumption activities, there are no leakage effects, and it accounts for export of embedded
soy in processed materials. The term “soybean consumption” will throughout the thesis refer
to consumption of soybean directly (very rare) or embedded in other products, for example
when used as fodder in meat production. The soybean production for UK consumption at
municipal level was estimated by using a weighted split of state production according to
relative production by municipality (i.e. the percentage of total soybean production in a
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municipality which is destined for export to the UK). This gives a result where the percentage
of soybean production for UK is the same in every municipality in the same state (SEI-IOTA,
2017).
The consumption of N and P in Brazilian municipal soybean production destined for export to
the UK was calculated by multiplying the Brazilian land used for cultivating soybean for
export to the UK in every Brazilian municipality (SEI-IOTA, 2017), with the N and P
consumption per hectare from FAO (2004). Every municipality was assigned the value of N
and P consumption of the region the municipality belongs to.
Equation 6: 𝑁𝑀𝑆𝑈𝐾 𝑜𝑟 𝑃𝑀𝑆𝑈𝐾 = 𝑁𝑅𝑆𝑟𝑎𝑡𝑒 𝑜𝑟 𝑃𝑅𝑆𝑟𝑎𝑡𝑒 × 𝐿𝑀𝑆𝑈𝐾
Where:
NMSUK or PMSUK = N or P consumption (kg) in soybean production in Brazilian municipalities
destined for export to UK.
NRSrate or PRSrate = N or P consumption (kg/ha) in soybean farming in Brazilian regions (FAO,
2004).
LMSUK = Land-use (hectares) for soybean farming in Brazilian municipalities destined for
export to the UK (SEI-IOTA, 2017).
4.6.4 Nrisk, Prisk, Nbio, and Pbio for UK import of Brazilian soybean
The results from equation 5 was used for calculating Nrisk, Prisk, Nbio and Pbio for the Brazilian
soybean production destined for export to the UK, in the same manner as described in section
4.5.1 and 4.5.2, resulting in NriskUK, PriskUK, NbioUK and PbioUK.
4.6.5 Municipality case study of Pbio
To investigate further a spatial explicit footprinting method for N and P, a detailed municipal
case study was conducted. Two geographical areas were identified in the map showing
aPbioUK (section 4.6.4) when comparing with map for Pbio (section 4.5.2), parts of the states
Rondônia and Paraná displayed interesting differences. To investigate the different risks and
impacts of the UK, EU, and Chinese import of Brazilian soybeans in different municipalities
in Brazil, Nbio and Pbio were therefore calculated for the EU and China for the municipalities
Corumbiara and Cerejeiras in Rondônia and Boa Esperança, Juranda, and Ubiratã in Paraná.
The UK data for the three municipalities were extracted from the map created in 4.6.4.

4.7 Uncertainties in materials and methods
In the following section the uncertainties, due to data quality, availability, and data
processing, inherent in this thesis will be discussed in relation to the analysis and
interpretation of the results.
The current available data on fertilizer use and consumption is very limited and the only
general information for fertilizer consumption in soybean production in Brazil is the Fertilizer
use by Crop in Brazil (FAO, 2004) which is based on data from 2002. This data has been used
in recent studies for analysing different aspects of fertilizer use in agriculture. Lorz et al.
(2013) and Strauch et al. (2013) use FAO (2004) for studying nutrient and sediment
management in Brazilian rivers. Schipanski and Bennett (2012) modified the data for
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analysing the global phosphorus cycle. José Ibarolla-Rivas and Nonhebel (2016) studied
resource use in food production. Lathuilliére et al. (2014) investigated nutrient use in soybean
production in Mato Grosso and its relationship to Europe and China with the help of FAO
(2004). It is also recommended as a source for calculating grey water footprints by Hoekstra
et al. (2011) in The Water Footprint Assessment Manual. However, the use of fertilizer in
soybean production may have changed since 2004 since the trend of fertilizer use in Brazilian
agriculture display an increase in application rate (kg/ha) (IBGE, 2004; IBGE, 2017c) and the
results should be interpreted with this in mind.
There is a lack of information about type of fertilizer used, and the timing and technique for
application. This is important for being able to accurately estimate nutrient leaching and plant
uptake, for example Fageria et al. (2011) found that the uptake of P from fertilizer in the
soybean plant is higher when using thermophosphate compared to simple superphosphate or
rock phosphate. The import and export, and thereby apparent consumption, of different types
of fertilizers are reported by IBGE but only at country level which makes it difficult to
include fertilizer type in any finer scale analysis. On the other hand, there is specific data from
case studies made at the farm level in Brazil where detailed information is available for
application rate and method of applying fertilizer. However, creating a generalized model
based on this type of data would mean transferring specific conditions, and perhaps extreme
values, to a larger area which could give a false picture of the actual circumstances.
The results of this thesis rely on data from IBGE. Fertilizer consumption is reported as
“reaching the final consumer” which means that it is unclear how much fertilizer that is
actually used on the farm. This data could overestimate the use of N and P if the farm does
not apply all of the fertilizer purchased. Over a longer time period this might even out but this
study is only investigating the year 2011. However, the farm could also acquire fertilizer from
sources that are not registered or use manure. IBGE does not provide data on use of manure
and there is insufficient comprehensive data on this in Brazil, which is pointed out in FAO
(2004).
Several data transfers between different temporal and spatial scales have been made to
generate the results of this study and there is a risk that data is lost or distorted in the process.
For example, the extent of the data for surface runoff had to be enlarged to cover the same
area as the other used datasets by calculating a mean of the data for the closest pixels with
data. These calculated numbers might deviate from the real data, if it had been available, since
the conditions affecting surface runoff could be different than in the neighbouring pixels.
However, the enlarged areas are along the coast whilst areas of interest in this study, that is
areas cultivated with soybean, are located in other parts of Brazil. Therefore, the effect of this
on the final analysis could be considered small.
The scales used for the maps thought out the thesis do not display absolute numbers and are
relative within the country Brazil. The numbers indicate higher or lower risks compared to
other areas in Brazil but do not show the absolute risk. It is not possible to use the results for
direct comparison with other countries. No distinction between conventional soybean,
genetically modified soybean, or organic farming is made in the results or analysis. Including
these factors could add an additional dimension that is beyond the scope of this thesis.
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5. Results
In this chapter, the N and P input, fertilizer leaching risk factors, nutrient leaching risk, and
risk of impacts on biodiversity, due to Brazilian soybean production, will be presented. To
illustrate the potential of the methodology to provide fine scale spatial explicit N and P
footprinting, footprints for the UK, EU and China, UK product group-linked consumption of
N and P, and a municipal case study will be described.

5.1 Fertilizer input
The estimation of N and P consumption associated with soybean production at state and
municipal level, based on data from IBGE, will be presented in this section.
5.1.1 N and P consumption in Brazilian soybean production
Data from FAO (2004) and IBGE (2004; 2017c) are displayed in Table 3, where the first six
columns show general (not-crop specific) nitrogen and phosphorus consumption per hectare
and the last two columns show the estimated N and P application in soybean cultivation
(FAO, 2004) in the five regions of Brazil. Data for the year 2002 from FAO and IBGE
sources were within a similar range, except for the Central West region. However, when
comparing data for 2002 with 2011, consumption per hectare reported by IBGE in 2011
shows noteworthy changes. In the North, the consumption of both N and P doubled, and every
region shows increased N consumption. P consumption stayed fairly similar in the Southeast,
South, and Central West. The data indicates that consumption of P in soybean farming is
higher than the general P consumption in Brazilian agriculture (comparing to FAO 2002)
except for the Central West region (where soybean cultivation makes up a dominant part of
the agricultural sector and therefore the general consumption figures for P could be largely
dictated by the consumption of P in soybean farming in comparison to other regions).
Due to a lack of crop-specific fertilizer data, it is not possible within the scope of this study to
conclude the cause of the change seen in consumption per hectare for N and P between 2002
and 2011.
Table 3. Nitrogen and Phosphorus consumption (kg/ha) for all crops and for soybean in
Brazil. Comparison for data from FAO and IBGE.
FAO 20021
All crops
N
P
North

IBGE 20022
All crops
N
P

IBGE 20113
All crops
N
P

FAO Soy 20021
N

P

7

7

8

8

17

14

2

16

Northeast

15

8

15

9

23

15

4

17

Southeast

63

23

68

26

94

26

7

32

South

31

22

33

22

51

25

9

26

Central West

22

33

27

40

40

33

7

33

1

FAO (2004), 2IBGE (2004), 3IBGE (2017d).

Overall the rates of consumption presented in Table 3 are within the same ranges as reported
by state-specific scientific literature (see Annex 2), with the exceptions of higher values
reported for Paraná and Mato Grosso (Riskin et al. 2013a, Pahsaei Kamali et al. 2017).
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5.1.2 N and P consumption in Brazilian soybean production – municipal level
The amount of N and P consumed in soybean farming (calculated using application rates from
FAO (2004) and statistics on hectares cultivated with soybean in 2011 (IBGE, 2017b)), at
state level, are presented in Table 4 together with the proportion of the total N and P (statistics
collected from IBGE (2017c)) used in these states. The proportion of N used for soybean is
relatively small compared to other crops due to the nitrification properties of the soybean
plant. The proportion of estimated P consumed for soybean farming (related to total P
consumed for agriculture in the state) displays large variations, from 0.43 % (Acre) to 68.22
% (Mato Grosso do Sul) which indicates that the soybean farming in the South and Central
West regions is responsible for the majority of the fertilizer use in those regions.
Table 4. Estimated total tonnes of nitrogen and phosphorus used in soybean production 2011,
based on FAO (2004) and hectares of soybean production in 2011 (IBGE, 2017c). Percentage
of total N and P used in Brazilian agriculture 2011, based on data from IBGE (2011). States
with no soybean production have been excluded.
Total tonnes used for
soybean
N
P

% of total consumption
in state
N
P

Region

State

North

Rondônia (RO)

265

2096

4.04

27.08

Acre (AC)

0.2

1

0.04

0.43

Amazonas (AM)

0.4

3

0.04

1.09

7

57

0.28

5.41

Pará (PA)

212

1679

1.13

13.98

Tocantins (TO)

792

6275

4.44

31.90

Maranhão (MA)

2122

9104

7.47

24.50

Piauí (PI)

1534

6583

8.67

25.63

Bahia (BA)

4181

17936

2.64

15.72

Minas Gerais (MG)

7140

32762

1.24

18.08

São Paulo (SP)

3418

15686

0.54

9.41

40998

116252

9.99

49.54

4117

11673

3.53

33.13

Rio Grande do Sul (RS)

36679

104004

7.88

48.61

Mato Grosso do Sul (MS)

12333

58918

9.73

68.22

Mato Grosso (MT)

45191

215884

14.51

66.42

Goiás (GO)

17959

85794

6.23

43.24

384

1834

4.60

36.28

Roraima (RR)

Northeast

Southeast
South

Paraná (PR)
Santa Catarina (SC)

Central west

Distrito Federal (DF)

In Figure 4 the estimated N (Figure 4a) and P (Figure 4b) consumption in soybean production
is displayed per municipality, which show that the municipalities with the highest
consumption are located in Mato Grosso, Mato Grosso do Sul, Goiás, and Bahia.
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a)
b)
Figure 4. a) Tonnes of N consumed in Brazilian municipalities for soybean production. b)
Tonnes of P consumed in Brazilian municipalities for soybean production (estimated from
FAO, 2004 and IBGE, 2017b).

5.2 Fertilizer leaching risk factors
In this section maps visualising nutrient retention, surface runoff, natural potential for erosion,
and distance to surface water will be displayed for the whole of Brazil as well as for the
soybean producing areas (in 2011).
5.2.1 Nutrient retention
In many parts of Brazil, the leaching risk due to (the inverse of) nutrient retention (Figure 5a
and 5b) appears to be moderate although there are also areas with very high risk, especially in
the northeast corner and the most southern parts of Brazil. Figure 5c and 5d show that the
most intense soybean cultivation areas in the centre of Mato Grosso are in general
overlapping soils with high nutrient retention and there is a low risk for leaching associated
with fertilizer applied for soybean production in some areas, although there also is a streak of
higher risk crossing Mato Grosso diagonally (Figure 5b) which means that some areas of
Mato Grosso have high leaching risk. At the edge of Mato Grosso do Sul and in the Northeast
region where the nutrient leaching risk is very high (Figure 5a) there is no fertilizer
application for soybean farming and the western edge in Bahia where the fertilizer use is very
intensive. coincides with is very low nutrient leaching risk compared to the rest of Brazil. It is
however important to point out the alignment of the higher leaching risk in the southern states
of Rio Grande do Sul, Paraná and Santa Catarina, and Goiás with the levels of fertilizer use in
these areas. The highest consumption per hectare (FAO, 2004) of N in soybean farming in
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Brazil is found in the southern parts of Brazil where also the nutrient leaching risk is very
high. The state of Goiás has the highest consumption of P intersecting slightly higher risk of
leaching. This can be seen in map c and d in Figure 5 were the N and P consumption in
soybean production has been multiplied with the nutrient leaching risk. Thus, for example,
whilst in southern areas, the total P consumption is lower overall than in some parts of Mato
Grosso, the leaching risk overall associated with P applied to soy appears to be higher.

a)

b)
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c)
d)
Figure 5. Risk of nutrients leaching due to (the inverse of) nutrient retention. Dark colours
denote a higher risk of leaching while lighter colour denote a lower risk. a) Risk index results
for the whole of Brazil. b) Risk index results for the soybean producing areas of Brazil. c) N
consumption data multiplied with data from a, providing risk-scaled N consumption
information d) P consumption data multiplied with a, providing risk-scaled P consumption
information. Note that only the scale in map a has been normalised and that the colour scales
are not transferable between the maps.
5.2.2 Surface runoff
The largest surface runoff is recorded in the area adjacent to the Amazon River and the lowest
in the eastern parts of the country (Figure 6). Most of the soybean farming is located in areas
with lower surface runoff although the soybean producing municipalities in the state of Pará,
in the Amazon biome, can be found on land with higher runoff. However, as the consumption
of N and P is lower in this area the combined runoff and N and P consumption (Figure 6c and
6d) generates a low risk here.
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a)

b)

c)
d)
Figure 6. Surface runoff. Darker colours denote higher risk and lighter colours denote lower
risk. a) Results for the whole of Brazil. b) Results for the soybean producing areas of Brazil.
c) N consumption data multiplied with data from a. d) P consumption data multiplied with a..
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Note that only the scale in map a has been normalised and that the colour scales are not
transferable between the maps.
5.2.3 Natural potential for erosion
Natural potential for erosion, determined by annual rainfall erosivity, soil erodibility, slope
length, and slope steepness, shows high variation across small spatial scales as seen in Figure
7. However, there are clusters that exhibit higher risk of erosion (darker colour in Figure 7a).
Along the eastern coast, in the biome Mata Atlantica, there appears to be a higher risk level
than in other parts of Brazil, although this is not an area where soybean is grown. Overall the
highest risk for erosion does not appear to be located in areas of soybean production (the
highest number is 0.28 according to Figure 7b). In parts of Roraima, Mato Grosso, and
Maranhão however, high use of fertilizer coincides with higher risk for erosion.

a)

b)
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c)

d)

Figure 7. Natural potential for erosion. Darker colours denote higher risk and lighter colours
denote lower risk. a) Results for the whole of Brazil. b) Results for the soybean producing
areas of Brazil. c) N consumption data multiplied with data from a. d) P consumption data
multiplied with a. A smaller area of Mato Grosso has been magnified to show the details in
the data. Note that only the scale in map a has been normalised and that the colour scales are
not transferable between the maps.
5.2.4 Distance to surface water
No map was created for visualising the results here, the map was only used in the creation of
the nutrient leaching risk index. However, it should be noted that there is a large spatial
extension of surface water, including the Amazon River, in Brazil.

5.3 Fertilizer impact
The nutrient leaching risk index (Lrisk), based on the four parameters in section 5.2, an N and
P adjusted risk index, Nrisk and Prisk, and the possible vulnerability of amphibian and
freshwater species to N and P consumption and associated leaching risk will be presented
here, providing an extended N and P footprint, Nbio and Pbio.
5.3.1 Lrisk, Nrisk, and Prisk
When combining the four parameters (nutrient retention, surface runoff, natural potential for
erosion, and distance to surface water) with equal weighting (Figure 8a), the map shows that
the highest risks for nutrient leaching are the north-western parts of the Amazon biome and at
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the Amazon estuary, areas not cultivated with soybean (Figure 8b). However, there are
soybean production areas that coincide with an elevated risk of nutrient leaching. Three
“hotspots” can be found in the north-west corner of Roraima, northern part of Mato Grosso,
the western part of Santa Catarina, and the parts of Paraná. The entire soybean farming area in
the states of Pará and Amazonas are situated where the nutrient leaching risk is higher while
the farmland of the north-east region corresponds to the lowest risk in Brazil. Nrisk and Prisk
indicate that municipalities in the centre of Mato Grosso and in Paraná and Rio Grande do Sul
exhibit higher risk of nutrient leaching (Figure 8c and 8d) than any other area in Brazil. This
could be expected since the consumption of N and P is very high here (see Figure 4).
However, there are areas in Mato Grosso, Mato Grosso do Sul, Goiás and Bahia that have
higher consumption of N and P in soybean farming than Paraná and Rio Grande do Sul (see
Figure 4a and 4b) but get a lower Nrisk and Prisk because of lower nutrient leaching risk.

a)

b)
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c)
d)
Figure 8. Results of combining nutrient leaching risk due to nutrient retention, surface runoff,
natural potential for erosion, and distance to surface water. Red, brown, and purple colours
denote higher risk. a) Results for the whole of Brazil. b) Results for the soybean producing
areas of Brazil. c) N consumption data multiplied with data from a. d) P consumption data
multiplied with a. Note that only the scale in map a has been normalised and that the colour
scales are not transferable between the maps.
5.3.1 Nbio and Pbio – Extended footprint with risk of biodiversity impact
To a certain extent the pattern of amphibian and freshwater species richness follows the
nutrient leaching risk map, with a high number of species in the Amazon and along the Mata
Atlantica coast, which potentially indicates the presence of more vulnerable ecosystems in
these biomes (Figure 9) i.e. a high number of species can suggest valuable and diverse
ecosystems. As seen in Figure 9b there are areas of soybean production in these high species
rich areas in all the Amazonian states as well as in Paraná and Sao Paulo.
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a)
b)
Figure 9. Species richness (IUCN, 2014). The maps displayes the total number of amphibian
and freshwater species in Brazil, a) Results for the whole of Brazil. b) Results for the soybean
producing areas of Brazil. The colour scales are not transferable between the maps.
5.3.2 Extended N and P footprint, Nbio and Pbio
Figure 10 shows the extended footprint, Nbio and Pbio, the results of combining N and P
consumption in soybean production, nutrient leaching risk index, and biodiversity
vulnerability (species richness). In general, Nbio and Pbio follow the same pattern as Nrisk and
Prisk but the are some differences in intensity. In Mato Grosso Nbio and Pbio are higher than
Nrisk and Prisk (relatively), indicating the influence of high species richness in this area (Figure
10b). In Paraná, Rio Grande do Sul, Goiás, and Mato Grosso do Sul Nbio and Pbio are slightly
lower than Nrisk and Prisk (relatively).
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a)
b)
Figure 10. a) Nbio, risk for impact on biodiversity from nutrient leaching caused by N
consumption in soybean production. b) Pbio, risk for impact on biodiversity from nutrient
leaching caused by P consumption in soybean production. A high number (colour red/brown)
denotes areas where a high consumption of N and P coincides with a high risk for nutrient
leaching and high species richness.

5.4 Application to SEI-IOTA trade model
By combining financial and physical information on commodity production, use and trade the
SEI-IOTA makes it possible to connect a country’s consumption with regions of production
and the associated environmental pressures. Here the N and P footprints in Brazil due to
soybean exported to the UK, EU, and China are presented, as well as for product groups
consumed in the UK. Maps for Nrisk, Prisk, NbioUK and PbioUK are shown and a municipal case
study for Pbio for the UK, EU, and China is presented.
5.4.1 N and P footprints for soybean production for UK, EU, and China
In Table 5 the N and P footprints for soybean production for consumption by UK, EU, and
China (per capita) are presented. The Chinese import of soybean from Brazil is responsible
for the largest total amount of N and P consumed in soybean farming in Brazil, when
compared to the UK and EU. However, because of the large Chinese population, the per
capita footprint is only around half of that of UK and EU. The UK footprints are in line with
the EU footprint.
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Table 5. Total consumption of N and P and per capita consumption of N and P for Brazilian
soybean produced for UK, EU, and China in 2011.
N tonnes

P tonnes

kg N/capita

kg P/capita

UK

4897

17778

0.07

0.27

EU

36301

131773

0.08

0.29

China

51514

186997

0.04

0.13

In Figure 11 and 12 the N and P footprints of UK, EU, and China (per capita) are compared in
some of the Brazilian states showing that UK has a larger footprint than both EU and China in
Mato Grosso, Rondônia, and Pará and close to equal with EU in Goiás, Mato Grosso do Sul,
and Minas Gerais. China has a lower footprint than EU in all states and lower than UK all
states except for Rio Grande do Sul.

N footprint for soybean in Brazilian states
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Goiás

N - China

Figure 11. N footprint (g/capita) for UK, EU, and China in the top soybean producing states
(estimated from SEI-IOTA, 2017; FAO, 2004; IBGE, 2017b).
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P footprint for soybean in Brazilian states
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Figure 12. P footprint g/capita) for UK, EU, and China in the top soybean producing states
(estimated from SEI-IOTA, 2017; FAO, 2004; IBGE, 2017b).
5.4.2 UK product group specific N and P consumption
Meat and other food products are the product groups that require the most N and P and
therefore contribute most to the N and P footprint of the UK (Figure 13). When allocating the
P and N consumed in soybean production to different product groups consumed in the UK it
is clear that meat and food consumption is the major cause of N and P consumption and
thereby a possible contributor to negative environmental impacts in Brazil (Figure 13). It also
shows that there are indirect linkages between consumption of N and P and of a diverse range
of product groups that are not immediately connected to agriculture.
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N and P used for UK product groups due to soy
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Figure 13. N and P consumed in Brazilian soybean production for product groups consumed
in UK (estimated from SEI-IOTA, 2017; FAO, 2004; IBGE, 2017b).
5.4.3 N and P consumption in Brazilian soybean production for the UK – municipal level
Two alternative perspective on soybean production destined for the UK market are
demonstrated in Figure 14. Figure 14a (absolute tonnes of soybean exported to the UK) shows
that most of the soybean produced for export to the UK is produced in Mato Grosso, but there
are also areas in the southeast of Rondônia, the northeast corner of Pará, and the western part
of Bahia where the UK relies on larger quantities of soybean. Figure 14b shows the
percentage of total soybean production in a municipality which is destined for export to the
UK, which indicates a high UK dependency on the production of Rondônia and Pará.
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a)

b)

c)
d)
Figure 14. a) Soybean produced for export to the UK in 2011 (SEI-IOTA, 2017). b)
Percentage of total soybean production in Brazilian municipalities that was exported to the
UK in 2011. c) kg N consumed in soybean production for export to the UK in 2011. c) kg P
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consumed in soybean production for export to the UK in 2011. Note: Within states, the
percentage of soybean production for UK (Figure b) is the same for every municipality in the
same state since the municipality estimates are calculated by taking a weighted split of state
production according to relative production by municipality (i.e. the percentage of total
soybean production in a municipality which is destined for export to the UK).
5.4.4 Nrisk, Prisk, Nbio and Pbio for UK import of Brazilian soybean
In Figure 15 NriskUK, PriskUK, NbioUK and PbioUK can be found. The extended footprints for the
UK, NbioUK and PbioUK, show that the highest risk of impact on biodiversity can be found in the
centre of Mato Grosso and that the relative pressure caused by the UK in the southern states is
less compared to the pressure from total soybean production in Brazil (see Figure 10a and
10b). An interesting area the southeast corner of Rondônia where there appears to be
relatively high risk (particularly for P) associated with UK demand. For Brazilian soybean
production as a whole, this area is relatively low risk, but the relatively high level of
dependence of UK demand on this area of Brazil appears to increase the UK’s relative risk in
this area in comparison to the Brazilian average. Moreover, the relative UK risk appears to be
lower in the southern states of Brazil compared to the Brazilian production as a whole.

a)

b)
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c)
d)
Figure 15. a) NriskUK. b) PriskUK. c) NbioUK. d) PbioUK. A high number (colour red/brown)
denotes areas where a high consumption of N and P coincides with a high risk for nutrient
leaching and high species richness.
5.4.5 Municipality case study of Pbio
In Figure 16 and 17 Pbio for the UK (16a and 17a), EU (16b and 17b), and China (16c and
17c) in the municipalities Corumbiara and Cerejeiras in the state Rondônia (Figure 16) and
Boa Esperança, Juranda and Ubiratã in the state Paraná (Figure 17) can be seen. Risks of
impact on biodiversity associated with UK and EU import of soybean appear similar for the
selected municipalities in Rondônia (Figure 16a and 16b), although it is worth pointing out
that overall production of soy to meet EU demand across Brazil is much higher, and therefore
if per-capita consumption information is taken into account, the relative risk associated with
the UK would be higher than the EU. The risk of impact on biodiversity associated with
Chinese import of soybean from the two municipalities in Rondônia is very low in this area,
despite the fact that a large proportion of the total soybean production in Brazil is exported to
China. Pbio for the EU (Figure 16b) and the UK (Figure 16b) show that they not only vary
between different municipalities but also within municipalities and that the extended spatial
explicit sub-national footprint can display great variation between areas next to eachother
(e.g. two neighbouring municipalities).
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a)

b)

c)

Figure 16. Pbio for a) the UK, b) the EU, and c) China in the municipalities Corumbiara and
Cerejeiras in the state Rondônia. Note that the colour scales are not meant to be used for
comparison with other maps. The numbers for the scale were chosen based on the highest
value found in the results.
In the selected municipalities in the state of Paraná (Figure 17), it appears that China (Figure
17c) places a relatively higher risk of impact on biodiversity in the municipality Ubiratã than
either the EU (Figure 17b) or the UK (Figure 17a). The EU has a slighty higher Pbio than the
UK (somewhat lighter bluegreen) in all three municipalities.
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a)

b)

c)

Figure 17. Pbio for a) the UK, b) the EU, and c) China in the municipalities Boa Esperança,
Juranda, and Ubiratã in the state Paraná. Note that the colour scales are not meant to be
used for comparison with other maps. The numbers for the scale were chosen based on the
highest value found in the results.
In Table 6 and 7, detailed figures for two of the municipalities displayed in Figure 16 and 17
are presented. There is a large difference in tonnes of P consumed due to soybean production
for China and the UK in the two municipalities while the figures for the EU are closer to each
other. The nutrient leaching risk index and species richness show that soybean production in
Corumbiara, where UK soybean demand has a higher dependency, could impose a higher
impact than in Boa Esperança (nutrient leaching risk index and species richness is higher in
Corumbiara).
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Table 6. Detailed figures for the municipality Corumbiara.
Corumbiara
UK
EU
China

Soybean
tonnes
21600
20000
1000

N
tonnes
13.6
12.6
0.6

P
tonnes
107.7
99.8
5

Nutrient leaching
risk index*
0.34
0.34
0.34

Species
richness*
0.45
0.45
0.45

Prisk
0.1135
0.1052
0.0053

Pbio
0.051
0.047
0.0024

*pixel mean for whole municipality, based on normalised values. Prisk and Pbio are upscaled
with 1000.
Table 7. Detailed figures for the municipality Bao Esperanca.
Bao
Esperanca
UK
EU
China

Soybean
tonnes
1700
16000
28000

N
tonnes
3.6
34
58

P
tonnes
17
160
278

Nutrient leaching
risk index*
0.32
0.32
0.32

Species
richness*
0.17
0.17
0.17

Prisk
0.1482
1.4113
2.4177

Pbio
0.0251
0.2392
0.4098

*pixel mean for whole municipality, based on normalised values. Prisk and Pbio are upscaled
with 1000.

6. Discussion
This thesis set out to contribute to the methodological development of footprint analysis by
developing a spatially explicit nutrient leaching risk index at sub-national scale for the
integrated analysis of pressure on resources and risk of environmental impacts, caused by N
and P application in agricultural systems. This new footprint indicator was then applied to
explore the case of consumption due to UK demand of Brazilian soybean. In this chapter, an
overview will be provided of the new knowledge and perspectives that can be gained by this
method, in relation to resource use and sustainable production and consumption, and the
strengths and weaknesses of the methods will be discussed. The section will conclude with a
discussion of the potential for future development of the footprint methodology.

6.1 New knowledge and perspectives
6.1.1 N and P footprints in Brazil
Other studies on N and P footprints have been made at global scale (Leach et al. 2012;
Metson et al. 2012; Gu et al. 2013; Leip et al. 2014; Steven et al. 2014; Grönman et al. 2016;
Oita et al. 2016; Shibata et al. 2017), showing the global demand of N and P for a particular
country’s consumption. This could be useful when analysing different countries’ impacts at
global scale and can show for example that the developed countries have higher footprints
than developing countries. However, they do not provide information about impacts, risk of
impacts, or where in the world most of the pressure of the footprint is occurring etc.
The results of this thesis show that meat and other food consumption is responsible for the
majority of the N and P footprints, which is in line with findings of the studies mentioned
above, but does not tell how much N or P that is actually being leached. According to the
literature the leaching of P is small in Brazil due to high nutrient retention and there are
uncertainties regarding how long it will take before the soil is saturated with P, at which point
larger amounts of P will be leached (Markewitz et al. 2006; Batjes, 2011; Riskin et al. 2012;
Lathuillière et al. 2014; Roy et al. 2016). The practice of liming to lower the nutrient
retention, so that for example P becomes more available to the plants, has to be taken into
consideration since it also will positively affect the leaching of nutrients.
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Areas with high nutrient retention contribute to a lower risk of nutrient leaching. On the other
hand, a high nutrient retention means that more fertilizer has to be applied for making enough
nutrients available to the plants. This will for example put more pressure on global phosphate
rock reserves. The Brazilian soybean production puts a very high pressure on finite P
resources already, risking contributing further to a complex resources scarcity and higher
prizes on P fertilizer.
As described in the background section the use of N and P fertilizer can lead to nutrient
leaching and soil acidification. In turn, these processes can have a negative impact on
biodiversity and drinking water quality. The human population is dependent on wellfunctioning ecosystems, which is commonly connected to high biodiversity. Since
biodiversity in Brazil is very high and sensitive (Schiesari et al. 2012) it could therefore be
especially important for ecosystems. Fertilizer use in soybean production needs to be
considered so the future possibilities of food production do not deteriorate.
This study indicates that consumption in countries located far away, in this case the developed
nations UK and EU, causes risks of negative impacts that could affect the local communities
by deteriorated ecosystem services and drinking water of poor quality. This complex
telecoupling between production and consumption is addressed in SDG number 12 and the
Roadmap to a Resource Efficient Europe (European Commission, 2011; UN, 2016) points out
that the major consumers and actors in supply chains, that are mainly located in developed
countries, have to take responsibility for the impacts they are causing globally, often in
developing countries.
6.1.2 Spatially explicit sub-national footprinting
In the centre of Mato Grosso, a combination of consumption of fertilizer, the risk of nutrient
leaching, and species richness together create a high-risk area. This is true both for the
consumption of fertilizer for all soybean production in Brazil, and for that production which is
embedded in UK supply chains. Whilst overall risk is highest in this region, primarily due to
the intensive nature of soy production in this region, it is interesting to compare the
differences in relative risk that appear between the Brazil-wide picture of production and the
UK consumption perspective. For example, when exploring UK consumption risk (Figure 15)
with total risk (Figure 10) there is distinct area in southeast of Rondônia that appear as a ‘risk
hotspot’ from the perspective of UK consumption. The municipalities of Cerejeiras, and
Corumbiara, are predicted to export a particularly high proportion of their soybean to the UK
from this area (27.2 %, Table 6 and Figure 14b), which, together with a high species richness
in these areas, results in a relative higher risk for UK consumption than is seen if the general
Brazilian production perspective is adopted. This is therefore an area, together with the centre
of Mato Grosso that may deserve attention in the context of policy-development and the
mitigation of the UK impacts of consumption via fertiliser application. In contrast, the
southern states that show a relatively high risk for the total Brazilian soybean production
picture, appear to play a smaller role in production for UK demand.
It is interesting to consider the potential outlook for Brazil in light of the methods and results
developed in this study. The areas in the Amazon currently have a low integrated risk
(fertilizer, nutrient leaching risk, and species richness) as the consumption of fertilizer is
lower here. However, this can change if the soybean cultivation here becomes more intensive
with more land used for soybean or more fertilizer used to increase yields. Further expansion
of soybean cultivation in the Amazon would increase the risk of negative impacts since the
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species richness and risk for nutrient leaching are high over large areas. This can already be
seen in the southeast corner of Rondônia that is on the edge of the Amazon (Figure 10).
Areas in Rio Grande do Sol and Paraná have a high consumption of P and N, whilst nutrient
retention is lower than for the rest of the country (Figure 5c and 5d). This means that the risk
of nutrient leaching is higher here than in other parts of Brazil. However, the results do not
indicate how much N or P that is actually leaching to freshwater. These areas, however, are
likely to reach P-saturation faster than any other areas of Brazil which could lead to increased
leaching of P and N with eutrophication and impacts on biodiversity as an effect. At a global
scale, the Planetary Boundaries for biogeochemical flows are already exceeded (Steffen et al.
2015) and this could also be the future state for Brazil.
As seen in the municipality case study (Figure 16 and 17), closely located municipalities can
experience very different levels of pressure from UK consumption of soybean and also have
different risk levels for nutrient leaching and impacts on biodiversity. The variation can also
be seen within the municipalities. This is a clear example of how important the development
of sub-national footprint is.

6.2 Methodological challenges and opportunities
This study provides an additional footprint to the water, land-use and carbon footprints which
shows the pressure put on natural resources, i.e. N and P, other than land and water. Food, and
especially meat consumption, affect the N and P footprint and it is important when targeting
parts of the supply chain to know what kind of consumption that is taking place, who is
consuming, and where impacts are located to be able to create more effective policies. Using a
more general footprint risks generating policies and consumption decisions that are failing to
protect the most vulnerable areas and targeting areas because of false causal relationships.
Just like Tukker and Dietzenbacher (2013) discuss as a very common feature in footprinting,
this is a case study of countries were the availability of data is high and reliable. The Brazilian
database IBGE provides data on crop production at municipal level for a large range of years
and fertilizer consumption for all states. The data availability for other regions in the world
can differ, which should be kept in mind when considering transferring the method to other
geographical areas, especially with high data scarcity or uncertainty, or sectors of production
and consumption. The data within SEI-IOTA is continuously improving and further on more
robust and detailed data will be available.
The environmental data used (erosion, nutrient retention, surface runoff, distance to surface
water, and species richness) had higher resolution than data on fertilizer and soybean
production and therefore the lower resolution data was disaggregated to the level of the
environmental data, as recommended by Lenzen et al. (2011) and de Koning et al. (2015).
However, this necessitated the adoption of assumptions when disaggregating some datasets.
An assumption was made that the fertilizer applied in soybean cultivation in Brazil was the
same in every municipality in the same region and that is was the same in the year 2011 as in
2002. This is likely to be the primary limiting assumption of this analysis as the true picture of
fertiliser application is likely to be significantly different from that stated in FAO (2004), and
more heterogeneous across production landscapes, and there is a resultant need to investigate
the fertilizer practices in Brazil in more detail to overcome this limitation. Data that could be
useful is use of manure, different types of fertilizer and application method and timing at
municipal, or farm scale. This would ensure that fertilizer data resolution is at a closer scale to
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the environmental data employed in this study. However, it would also render a larger amount
of material than could be covered in this thesis and many other recent studies continue to use
FAO (2004) as a source of fertiliser data for soy (Hoekstra et al. 2011; Schipanski and
Bennett, 2012; Lorz et al. 2013; Strauch et al. 2013; Lathuilliére et al. 2014; José IbarollaRivas and Nonhebel, 2016).
The environmental data used for the nutrient leaching risk is based on secondary data that has
been chosen due to their availability and accessibility. It is possible that using data from other
sources could lead different results and that these data can change over the coming years. For
example, surface runoff can change as precipitation patterns alter due to future climate
change. The nutrient leaching risk index developed here is therefore a simplification of reality
but is based on key physical components which determine the risk of leaching, and could be
readily adapted and improved if additional data became available. This assessment only
includes natural factors for nutrient leaching risk. Anthropogenic factors, such as vegetation
cover, tillage practices, and drainage tiles, can also influence the risk (IPNI, 2017), but this
data refers to farm level conditions and practice, information that is not available at the
current time at a large scale in Brazil.
The biodiversity analysis is based on number of amphibian and freshwater species and does
not give information about the conservation status or importance of the species to the
ecosystems. An area with a low number of species could hold threatened, endemic or
keystone species. However, in this study it was assumed that a higher number of species
indicates higher biodiversity and thereby an important habitat to protect from negative
impacts. The use of a simple species richness metric is therefore an example of how the risk
of impacts to biodiversity could be assessed, but further work is warranted on this issue. It is
also important to notice that 291 amphibians and 36 freshwater species in Brazil are classified
as “data deficient” by IUCN (2016), if more information was available about these species,
areas that have low species richness could in fact have higher values and thereby changing the
values for Nbio and Pbio. More knowledge is warranted in this field since well-functioning
ecosystem services, where biodiversity seems to play a part, are vital for providing food for an
increasing world population.

6.3 Future research
This study advances ‘traditional’ footprint approaches as it provides sub-national scale
linkage between consumption and production. However, due to data limitations and the scope
of the study it still presents this information as ‘risks’ of impact, rather than as impacts
themselves. A cause and effect relationship between N or P application and leaching (which
could be measured by N and P loads in water courses) is not established but could be a subject
of further work.
In this study, the N and P consumption were estimated at municipal scale in Brazil as that is
the scale that soybean production is reported at. However, by using SEI-IOTA (2017) and
Trase, developed by Stockholm Environment Institute, it could in the future be possible to
trace the origin of the soybean back to the specific farm. The actual amount of fertilizer used
by the farmer could differ and local conditions for climate, soil properties, cultivation
methods, traditions, access to financial capital and knowledge can be factors that affects the
amounts of fertilizer used. These factors might not be decided by jurisdictional boundaries,
such as municipality, but by geographical limitations and a development of available data
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towards farm level, applying a bottom-up perspective, would increase the accuracy of a N and
P footprint.
The product-group N and P footprints presented in Figure 13 can be further developed by
connecting the footprint to a specific municipality of production in Brazil. This will make the
analyses of impacts in Brazil more correct, as for example the soybean used in meat
production could be sources from concentrated areas rather than the whole of Brazil and the
locations of production will have different preconditions and susceptibilities to impacts.

6.4 Conclusions
This thesis has shown that the creation of a spatially explicit nutrient leaching risk index at
sub-national scale, integrating risk data on environmental pressure and impacts, provides
additional dimensions to the footprinting methodology. This method makes it possible to
identify specific locations of high risk of pressure on natural resources and environmental
impacts connected to individual countries’ consumption. The risk of nutrient leaching and
consumption of fertilizer displays a large range across Brazil. There are areas where fertilizer
consumption is high at the same time as the risk for nutrient leaching and impact on
biodiversity is low (particularly in the northeast), suggesting this could be a suitable area for
agriculture, from a fertilizer perspective. However, other pressures on natural resources and
environment have to be considered. The southeast part of Brazil has on the other hand a high
risk of nutrient leaching together with intensive fertilizer practices and this could be an area
that in the future will become saturated with P and experience an increased nutrient leaching.
The results show that risks associated with the UK demand for Brazilian soybean have a
different geographic pattern than for the EU or China or the total Brazilian soybean
production, with a relatively higher risk in the south-eastern corner of Rondônia and relatively
lower risk in Paraná and Rio Grande do Sul, where total Brazilian soybean production and
production for the EU impose a higher relative risk. This could imply that a higher proportion
of the risk from the UK consumption has to be allocated towards the agricultural frontier close
to the ecologically important Amazon biome, compared to the EU that shows a higher relative
risk in the traditional agricultural area of the southeast. However, the total risk caused by the
EU is still higher since the consumption is higher.
This research can be used for more detailed information that can fulfil two purposes. First this
method could be a tool that contributes to finding the most resource efficient areas for
production and areas where the production will cause the least impact on the environment.
Considering the use of natural resources and its local impacts, the place that will give the
highest yield with the least use of resources and the least environmental impacts can be
identified. By developing the method further, as to include more crops, other pressures on
natural resources and environmental impacts (for example water or pesticides), cover more
countries and perhaps even add social impacts, this could be accomplished. In the perspective
of increased demand of food (European commission 2011; Alexandros and Bruinsma 2012;
Bodirsky et al. 2015; UNDESA 2015), this could be a necessary approach since there might
not be room for measures such as excluding consumption of soybean completely but rather
make refined decisions on where to source from. This perspective could contribute to sustain
the human population within the safe operating space of the planetary boundaries (Rockström
et al. 2009 Steffen et al. 2015)
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Second, in the light of globalisation and increased trade and dissemination of supply chains
(telecoupling) (Adger et al. 2008; Moser and Hart, 2015; Liu et al. 2013) and for fulfilling
Sustainable Development Goal 12, the connection between consumer and specific place of
production is important. The uneven relationship between developed and developing
countries, where communities with less resources have to deal with environmental
deterioration, has to be recognised and the responsibility and mitigation measures have to be
allocated to the right location and actor. However, in relation to the discussion above, there
could be cases where production is more efficient in other geographical areas than where the
products are consumed, but the impact on local communities has to be included in such an
assessment.
With future development of data availability, more fine-scale analyses, and expansion to other
crops and countries, the method suggested in this study could be a powerful tool in
influencing actors, such as feed importers, meat producers, and retailers, involved in food
import, production, and consumption. Moreover, the actors in the food supply chain possess
important knowledge that could be used to develop an N and P footprint further why close
collaboration, utilising a participatory research and bottom-up approach, would be beneficial.
Furthermore, the N and P footprints could be communicated to public and private consumers
by developing food labels that convey the impacts associated with the labelled product,
making it possible for the consumer to choose the product sourced from the most resource
efficient area with the least negative environmental and social impacts.
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Annex 1
GIS flow-chart

Figure 1. Schematic summary of data used and steps taken using GIS to reach the final
results. Each box represents a data set retrieved from secondary sources or produced using
ArcMap GIS software. Lines and arrows indicate how the data sets where combined using
ArcMap. Sources: 1FAO (2004), 2IBGE (2017), 3 Fischer et al. (2008), 4Marco da Silva et al.
(2011), 5Fekete et al. (2002), 6ANA (2016), 7SEI-IOTA (2017), 8IUCN (2016).
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Annex 2
Correlation - soybean production and fertilizer use
Linear regression using R Studio was conducted, with tonnes of crops produced and tonnes of
fertilizer used in every state in 2014 as the two variables, to explore if there were any
correlations between them. The results could indicate a correlation between fertilizer use, total
and P2O5, and soy production as well as corn production (see table 1).
Table 1. Results from linear regression in R studio, using crops production and total fertiliser
use (tonnes) in every state (IBGE, 2017a, b).
Corn x total
fertilizer
Corn x N
Corn x P2O5

R2 (adjusted)

p-value

0.77

9.87*10-10

0.48
0.86

3.58*10-5
2.72*10-12

Soy
x
fertilizer
Soy x N
Soy x P2O5

total

R2
(adjusted)
0.74

p-value

0.39
0.87

0.00031
8.66*10-13

5.23*10-9

However, this does not mean that there is a correlation between the two variables in every
state. Using scatter plots in Excel, plotting soybean production and total fertilizer use,
revealed that there are several states where there is no strong correlation. Linear regression
was made in R Studio for soybean production and fertilizer use over the time period 20022014 for the eight states with the strongest pattern found when creating scatter plots in Excel.
In Pará, Rondônia, and Tocantins soybean production and yield seem to correlate stronger
than in other states (see table 2).
Table 2. Results from linear regression in R studio, using soybean production and total use
(tonnes) over the time period 2002-2014. Adjusted R2 with p-value in brackets (IBGE, 2004;
SIDRA, 2017a, b).
State
Bahia

Total fertilizer
0.7225 (0.002282)

N
0.7022 (0.002946)

Goiás
Mato Grosso do Sul
Mato Grosso
Minas Gerais
Pará

0.7653 (0.001247
0.7009 (0.002993)
0.8134 (0.0005484)
0.7035 (0.002902)
0.9492 (5.494*10^6)
0.9006 (5.841*10^5)
0.8413 (0.0003075)

0.8715 (0.0001452)
0.6848 (0.003623)
0.8696 (0.000153)
0.7562 (0.00143)
0.9313 (1.586*10^-5)

P2O5
0.7072
(0.002771)
0.7436 (0.001716)
0.6736 (0.004113)
0.7453 (0.001675)
0.7142 (0.002537)
0.9298 (1.711*10^-5)

0.8792 (0.0001166)

0.928 (1.874*10^-5)

0.839 (0.0003235)

0.8368 (0.0003397)

Rondônia
Tocantins

Correlation between soybean yield and fertilizer application rate (kg/ha) was also investigated
but the only result indicating correlation was for the state Roraima (R2 = 0.8442, p-value =
0.0002882).
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Annex 3
Data on fertilizer application on soybean in Brazil from scientific literature
Data on P application rates from a number of case studies in Brazil are presented in table
including the states Mato Grosso, Paraná, Rio Grande do Sul, and Santa Catarina, compared
to data from FAO (2004) used in this study. Overall the rates are in within the same ranges
except for Paraná and Mato Grosso where higher values are reported by Pahsaei Kamali et al.
(2017) and Riskin et al. (2013a). The study made by Riskin et al. (2013a) used fertilizer data
provided by a 800 km2 farm in Mato Grosso while Pahsaei Kamali et al. (2017) collected data
from 15 farms cultivating genetically modified soybean (GM soybean), 15 farms with nonGM soybean, and 15 organic farms as well as from the Brazilian Enterprise for Agriculture
Research (EMBRAPA), and experts. Roy et al. (2016) presents an average rate based on
interviews with 49 farmers in Mato Grosso whereas Sociedade Brasileira de Ciência do Solo
(2004) (Brazilian society for soil science) has produced recommended application rates based
on soil tests and thereby adjusted to the levels of P in the soil. They also have different
recommendations for year 1 and 2 of a soybean cultivation. As seen in table the soil P has
substantial effect on the fertilizer application, displaying a range of 48 kg/ha between soils
with very low and very high P content.
Table 3. Data on P application rate kg/ha in soybean production from various sources.
Source

Mato Grosso

Roy et al. (2016)
Riskin et al. (2013a)
Pahsaei Kamali et al.
(2017)
Riskin et al. (2013b)
Sociedade Brasileira
de Ciência do Solo.
Comissão de Química
e Fertilidade do Solo
(2004) (44 % of
original P2O5 data)*

41±6
50

FAO (2004)
(44 % of original P2O5
data)

Paraná

Rio Grande do Sul and
Santa Catarina

76
35
Year 1 Year 2

33

26

Very
low

55

37

Low

37

29

Medium 33

20

High

20

20

Very
high

7

<20

26

*Recommended P application based on soil content of P (obtained from soil tests) for first and second
year of cultivation.
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Annex 4
Descriptions of product groups used in Figure 13 (SEI-IOTA, 2017).
Table 4. Descriptions of product groups used in the project of SEI-IOTA (2017).
Product group
Meat products nec

Description
Other Meat: pig meat and offal. preserves and preparations
of meat, meat offal or blood, flours, meals and pellets of meat
or inedible meat offal; greaves

Food products nec

Other Food: prepared and preserved fish or vegetables, fruit
juices and vegetable juices, prepared and preserved fruit and
nuts, all cereal flours, groats, meal and pellets of wheat,
cereal groats, meal and pellets n.e.c., other cereal grain
products (including corn flakes), other vegetable flours and
meals, mixes and doughs for the preparation of bakers'
wares, starches and starch products; sugars and sugar
syrups n.e.c., preparations used in animal feeding, bakery
products, cocoa, chocolate and sugar confectionery,
macaroni, noodles, couscous and similar farinaceous
products, food products n.e.c.
Cattle Meat: fresh or chilled meat and edible offal of cattle,
sheep, goats, horses, asses, mules, and hinnies. raw fats or
grease from any animal or bird.
Milk: dairy products
Trade: all retail sales; wholesale trade and commission trade;
hotels and restaurants; repairs of motor vehicles and
personal and household goods; retail sale of automotive fuel
Wearing Apparel: Clothing, dressing and dyeing of fur
Other Services (Government): public administration and
defense; compulsory social security, education, health and
social work, sewage and refuse disposal, sanitation and
similar activities, activities of membership organizations
n.e.c., extra-territorial organizations and bodies
Cattle: cattle, sheep, goats, horses, asses, mules, and
hinnies; and semen thereof

Bovine meat
products
Dairy products
Trade

Wearing apparel
Public
Administration;
Defense;
Education; Health
Bovine cattle;
sheep and goats;
horses
Beverages and
tobacco products
Leather products

Beverages and Tobacco products
Leather: tanning and dressing of leather; luggage, handbags,
saddlery, harness and footwear
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