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Section 1. Learning outcomes

After this chapter you will be able to:
· Briefly describe what happens to a water body after an input of excess nutrients
· Define “dead zone”
· Understand the role of the Haber Bosch process in the green revolution and its ties to greenhouse gas emissions
· Describe the ways in which humans have influenced the nitrogen cycle
· Identify the status of the planetary boundary control variable for nitrogen and phosphorus cycle disruption.
· Understand the importance of nitrogen fixing bacteria in agriculture and describe where they are found
· Describe some impacts on human health of nitrogen pollution
· Understand which foods have a relatively higher nitrogen footprint.


Section 2. Section Overview

We will begin with an introduction to nutrient cycling in ecosystems, and we will discuss impacts of excessive nutrient pollution on aquatic systems.

Section 3. Introduction to nutrient cycling and dead zones

Nutrients are elements that are needed by organisms for growth and survival.  Macronutrients such as nitrogen (P), phosphorus (P) and carbon (C) are needed in relatively large amounts, while micronutrients like iron (Fe) and zinc (Zn) are needed in small amounts.  

In my aquatic systems, either N or P is the “limiting nutrient,” which means that addition of more of that nutrient will result in high levels of algal growth. 

In the picture shown below, one side of the lake was amended with nutrients and the other side wasn’t.  You can see the algal growth in the far lake. This also happens along the coast where nutrient-rich river water empties into the ocean.
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The red coloring in this figure below shows “dead zones” where oxygen has been depleted (called hypoxia) through the decay of the algae.  Excess N and P are the cause.
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Over 500 dead zones occur globally, and this results in greater than $2B per year in lost harvest.

The cartoon below outlines the process step by step.
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How does the river water become so laden with nutrients?  Excess chemical fertilizer applied to fields can be carried off the fields into waterbodies through agricultural runoff. Also, manure applied to fields as a source of nutrients can lead to runoff of N and P.




Section 4.  Bacteria involved in the nitrogen cycle

The nitrogen cycle involves specialized bacteria.

· Nitrogen fixers:  Nitrogen as N2 comprises 78% of our atmosphere but is unusable to most plants in this form.  Nitrogen-fixing bacteria combine, or “fix,” nitrogen with hydrogen to form ammonium, which can be used by plants.  Bacteria that live on roots of soybeans can do this, which is why soy is often rotated with other crops.  This is also part of the reason why beans had such a low carbon footprint.  Industrial production of N fertilizer results in high GHG emissions.
· Nitrifying bacteria:  Nitrification = process by which bacteria convert ammonium ions, first into nitrite ions, then into nitrate ions.  Plants can take up nitrate most easily. 
· Denitrifying bacteria: Denitrification = process by which bacteria convert nitrate to nitrogen gas.  This process is desirable in natural and engineered systems containing high nitrate, because the product, nitrogen gas, will be lost from the aquatic system as it enters the atmosphere.

Section 5: Human influence on the nitrogen cycle

We have greatly influenced the nitrogen cycle!

· Nitrogen fixation was a bottleneck (or limiting factor) for crop production.   Our ability to grow large amounts of crops during the Green Revolution was enabled by the invention of the process to chemically convert nitrogen gas to ammonia, a usable form for plants.  
· This reaction is called the Haber-Bosch process.  Nitrogen gas and hydrogen are combined under very high heat to produce ammonia.  The energy required for the high heat results in very significant greenhouse gas emissions for this process.

Human-driven N cycle disruption occurs primarily through four processes:

· Industrial fixation of atmospheric N2 to ammonia (~80 Mt N yr-1)
· Agricultural fixation of atmospheric N2 via cultivation of leguminous crops (~40 Mt N yr-1)
· fossil-fuel combustion (~20 Mt N yr-1)
· and biomass burning (~10 Mt N yr-1). 

Human activity has doubled the amount of nitrogen entering the environment, overwhelming nature’s denitrification abilities.

This timeline shows when nitrogen fixation for fertilization really took off.  The red line rises above all lines by the late 1960’s and keeps on rising.  The increase in the green line is due to the increase is cultivation of legumes, including soy.
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The cartoon below shows nitrogen fixation fluxes (natural with green arrows and anthropogenic with purple arrows).  You can see human activity has roughly doubled nitrogen fixation.
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Section 6.  The Planetary Boundary for Nutrients

Nitrogen and phosphorus cycle disruption are both addressed by the planetary boundary concept.

[image: http://www.stockholmresilience.org/images/18.1939e4a15356be76add8/1459560222901/planetary-boundaries.jpg]

Figure .  The Planetary Boundaries diagram.  Source: Steffen et al. 2015

Nitrogen cycling is actually an important part of both the Nitrogen Cycle boundary, and the Climate Change boundary.  
 
· For the nitrogen cycle boundary, it is considered a slow variable, “eroding the resilience of important sub-systems of the Earth System.” (Rockstrom et al. 2009)
· Nitrous oxide is a very potent greenhouse gas and is included in the climate-change boundary
· Also, fixation of N2(gas) for use as fertilizer (accomplished by the Haber-Bosch process) is extremely energy-intensive.

Section 7.  Impacts from human-caused disruption of the nitrogen cycle
From Erisman et al., 2013, Consequences of human modification of the global nitrogen cycle. Phil Trans of the Royal Soc.:

Direct Impacts of N Cycle Disruption on Human Health
· NOx in lower atmosphere leads to increased tropospheric ozone, smog, particulate matter
· Increase ozone leads to increased asthma and premature death
· Nitrate pollution of drinking water is a major problem

Aquatic systems
· Acidification of water bodies.  Early life stages sensitive
· Increased eutrophication

Terrestrial systems
· Foliar damage
· Increased susceptibility to stress
· Decreased species richness

Climate change—warming
· N2O from industrial and agricultural sources is a GHG (greenhouse gas)
· ozone is a GHG
· N2(gas) fixation is extremely energy-intensive

Climate change—cooling
· Increase Nr leads to increased C sink
· Aerosols can scatter solar radiation


Section 8.  Understanding our nitrogen footprint.

Our nitrogen footprint has a number of components:
The graph below (Leach et al., A N Footprint Model, 2012) shows the various components in the N footprint for the US and the Netherlands.  Notice food production is the major source.



[image: ]
Figure .  Source: Leach et al. 2012.

Xue and Landis (2010) Eutrophication potential of food consumption patterns. ES&T, studied how N disruption would be impacted by different diets.  

They looked at the N footprint of a number of food groups, and broke it down by process:
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Figure .  Source: Xue and Landis (2010)

Also, they modeled how N disruption would be impacted by changes in diets from foods with relatively high N footprint (called eutrophication potential) to foods with lower N footprints.  The graph below shows how the N footprint is decreased as various shifts are made to differing extents.
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Leach et al. (2016) summarized N footprint data for various food groups.




Figure .  Nitrogen footprint data in g N/kg food. Source: Leach et al. (2016)

Exercise:

Look up the make up of the current US diet using National Geographic’s tool called “What the World Eats.”

1) Calculate the N footprint for the 1950 diet and the current diet.

2) Calculate the N footprint for a country of your choice.













Table.  Footprint data for carbon, nitrogen, and water for food categories. Compiled by Leach et al. (2016)
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Section 9.  Options for reducing nutrient cycle disruption

There are a number of ways to control nutrient pollution
· Reduce fertilizer use on farms and lawns
· Apply fertilizer at times that minimize runoff
· Plant vegetation “buffers” around streams
· Restore wetlands and create artificial ones
· Improve sewage treatment technologies
· Reduce fossil fuel combustion
· Raise different crops
· Efficient food systems
· Dietary shifts toward foods with a lower N footprint
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and also derived from satellite remote sensing to estimate
global biomass emissions [29].



Emissions of nitric oxide (NO) from soils also contribute sig-
nificantly to atmospheric emissions, but this is not an additional
source of Nr as it results from the microbial transformations of
existing Nr in soil, through nitrification and denitrification
[30,31]. The processes leading to soil emissions are discussed
by Butterbach-Bahl et al. [32] and Pilegaard [33]; while emission
rates per unit land area are small (5–50 ngNO-Nm22 s21) rela-
tive to combustion sources, the emissions occur over large areas
of the global agricultural landscapes.



Recent reviews of global emissions show a surprising agree-
ment in the overall magnitude of NOx emissions but larger
differences in specific source contributions, as discussed by
Granier et al. [34] and Isaksen et al. [4]. Estimates of global
NOx production and emissions from van Vuuren et al. [35]
show values for the year 2000 of approximately 40 Tg N yr21



of which 30 Tg N yr21 is new Nr, the remainder being Nr in
fuel and in biomass. The 40 Tg N total annual emission com-
prises 30 Tg N from fossil fuel combustion, 5 TgN from
biomass combustion and 5 TgN from soil NO emissions.
Control measures on emissions, despite industrial development
in parts of Asia and Africa are assumed to reduce emissions by
the middle of the twenty-first century to approximately 30 Tg
N yr21, but with large uncertainty.



(iii) Reduced nitrogen
Anthropogenic fixation of reduced nitrogen (NH3) is through
nitrogen-fixing crops and the main source through the
Haber–Bosch process, where H2 and N2 are combined at
high temperatures and pressures in the presence of catalyst
[5]. The process was developed during the early years of the
twentieth century and by the first decade of the twenty-first
century is producing 120 Tg N as NH3 annually, of which
80 per cent is used as agricultural fertilizer and 20 per cent as
feedstock for industrial processes [36]. The fate of nitrogen
used in crop production varies,with only 17 per cent consumed
by humans in crops, dairy and meat products, the remainder
being lost to the soils, freshwaters and the atmosphere [37].
In the longer term (decades to centuries), most of the Nr is
returned to the atmosphere as N2 following denitrification,



but the lifetime in different reservoirs en route back to the
atmosphere allows opportunities for transport into freshwaters
or the atmosphere in reactive form. Some of the cropNr applied
as fertilizer is emitted to the atmosphere as NH3 depending on
the relative balance between ambient NH3 concentrations and
the equilibrium concentration with the NH4



þ concentration
within intercellular fluids [38]. The annual total production
through the Haber–Bosch process of 120 Tg N as NH3 rep-
resents the largest single contribution to Nr formation
through anthropogenic activity. The use of nitrogen-fixing
crops in agriculture contributes an additional 60 TgN annually
[28], which enters the crop and soil cycling of Nr (figure 2).
The total anthropogenic production of Nr in reduced form is
therefore 180 (+20) Tg N annually.



The total fixation of atmospheric N2 by natural and
anthropogenic activities at the beginning of the twentieth
century is therefore 413 Tg N of which approximately half
results directly from human activity. The relative proportions
of reduced and oxidized nitrogen within the anthropogenic
component is 85 per cent and 15 per cent, respectively, reveal-
ing the dominant role of reduced Nr and the Haber–Bosch
process in the budget of emissions. The components of
global Nr production are summarized in figure 1.



3. Trends in Nr emissions during the twenty-first
century



Emissions of Nr to the atmosphere are a key driver of atmos-
pheric chemistry and composition [10]. Estimates of emissions
of Nr compounds through the twenty-first century are provided
by van Vuuren et al. [35] from a range of scenarios, includ-
ing the IPCC-SRES and the RCP projections for the 4th IPCC
assessments [39]. Emissions of approximately 40 Tg N annually
ofNOx continue through the period 2000–2040, and then decline
through to 30 Tg N yr21 according to the RCP scenarios by the
end of the century, with a gradual increase in uncertainty with
time such that the envelope containing the 25th and 75th percen-
tiles stretches from 15 Tg N yr21 to 70 Tg N yr21 by 2100. The
future emissions of NOx strongly depend on the assumptions
on how activities, especially energy and transport use will
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Figure 1. Global nitrogen fixation, natural and anthropogenic in both oxidized and reduced forms through combustion, biological fixation, lightning and fertilizer
and industrial production through the Haber–Bosch process for 2010. The arrows indicate a transfer from the atmospheric N2 reservoir to terrestrial and marine
ecosystems, regardless of the subsequent fate of the Nr. Green arrows represent natural sources, purple arrows represent anthropogenic sources.
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The nation-level total emissions of nitrogen were then allocated to the economic sectors
responsible for the initial, direct emission into the environment (e.g. emissions from the combustion
of fossil fuels to generate electricity were allocated to the electricity sector, emissions from the
burning of fuel in mining equipment were allocated to the mining sector, etc.) to create a direct
intensity vector, with units of direct Nr emissions per dollar output of each sector.



The direct intensity vector was then multiplied by a Leontief inverse matrix derived from the
input–output table to calculate the total intensity vector, with units of total Nr emissions throughout
the economy per dollar output of each sector (Miller and Blair, 2009). The total intensity vector
represents the total upstream Nr emissions that are needed for a sector to produce one dollar of
output. For example, the insurance sector may have little to no direct emissions of nitrogen (a direct
N intensity of zero), but through its purchases from other sectors such as the electricity sector, the
service it provides to end users carries an embodied N footprint (a positive total N intensity). The
total intensity vector is then multiplied by the household final demand vector to calculate the total
household energy N footprint from each sector. Finally, a table produced for the United Kingdom
(United Kingdom Office of National Statistics, 2010) was used to relate the output of individual
sectors to personal consumption categories given by the UN Classifications Registry COICOP
(Classification of Individual Consumption According to Purpose) (UN Statistics Division, 2011). While
these OECD and input–output tables and COICOP tables are widely used, they have the shortcoming
of aggregating all economic activity into only 48 and 41 sectors or categories, respectively.



In processing the data on direct Nr emissions, we accounted for emissions of both NH3 and NOx



assuming that all NOx is released in the form of NO2. Neither of our data sets included emissions of
N2O. Some minor contributors to emissions in the EPA data that were difficult to allocate to sectors
(e.g. fires, fugitive emissions, accidents/catastrophes) that amount to less than 1% of total US
nitrogen emissions were ignored. Approximately 14% of the total N emissions could not be allocated
to an individual sector for the Netherlands due to a lack of resolution in the LRTAP data.



3. Results



N-Calculators have been completed with data for the United States and the Netherlands. The
N-Calculator found that the average per capita N footprint in the United States is 41 kg N/yr and in the
Netherlands is 25 kg N/yr (Fig. 5). For the per capita US footprint, food production accounts for 30 kg N/yr,
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Fig. 5. Comparison of United States and Netherlands per capita N footprints.
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function of independent values, was generated through MCA,
which repeatedly and randomly samples values from the
probability distributions of independent values. The distri-
bution ranges of total nitrogen equivalent were determined
from distributions of each stage’s nitrogen equivalent value
through the MCA method.



Results
Contribution to Eutrophication Potential at Each Life Cycle
Stage. Figure 2 shows eutrophication potentials for the
different food groups. Red meat has the highest eutrophi-
cation potential, followed by dairy products, chicken/eggs
and fish. The cereal and carbohydrate (cereal/carbs) sub-
group is identified to have the lowest nutrient footprint
among all food subgroups. While producing, processing,
transporting, and packaging 1 kg of red meat generates on
average 150 g nitrogen-equivalent emissions, around 2.6 g
nitrogen equivalent emissions are released to supply 1 kg
cereal/carbs. The agricultural stage is the largest eutrophi-
cation emission sector, which shares more than 70% of total
eutrophication potential for each food group. Both plant
production and animal raising systems are reported to be
responsible for eutrophication-related emissions to sur-
rounding water bodies. Corn and soybean farming systems,
providing feedstock for human diet and animal feed, emit
large amounts of NO3



- and PO4
-3 into groundwater and



surface water (17, 28, 29). Manures from animal raising
systems contain high nutrient contents. Atmospheric NH3



and N2O, (generated from nitrification/denitrification pro-
cesses) and aqueous N and P species (transformed or
dissolved from manures) can significantly influence the



nutrient inventory of food supply chains (19, 45-48). Nutrient
footprints of red meat and dairy products include direct
nutrient emissions from animal raising systems and upstream
nutrient emissions from plant production; this explains the
relative intensity of red meat and dairy products which have
the highest eutrophication potential from a life cycle
perspective.



Eutrophication potentials of food processing stages vary
with processing techniques, while transportation distances
contribute minimally to eutrophication impacts. Processing
dairy products and meat products has important influence
on food’s eutrophication potential. Industrial milk processing
(including liquid milk, milk powder, cheese, butter, etc.)
generates distinct nutrient waste. N and P species in dairy
processing effluents originate from cleaning compounds and
from milk or product spillage during dairy product processing.
Significant amounts of phosphate based cleaners and nitric
acid based cleaners were used during washing procedures
at the end of production cycle, consequently resulting in
high levels of N and P in most dairy wastewater (49). Eide
et.al reported that eutrophication potential of processing
milk ranged from 6.2 to 8.0 g O2/L milk which corresponds
to 0.31 g N/L milk and 0.4 g N/L milk (21, 25, 50). Slaughtering
animals also influences the nutrient inventory significantly.
The major source of nitrogen and phosphorus is from the
protein in the meat particles and blood in the wastewater
from slaughter plants (2). Other sources of nitrogen are the
manure and partially digested feeds from stomachs and
gizzards and intestines, as well as urine (2). The packaging
stages and transportation stages have negligible impact on
eutrophication profiles of food groups. The usage of packing



TABLE 1. Stages of Food LCA and Associated Emissions with Eutrophication Potentials



stages emissions of concern databasea



farming NH3, NO, N2O, NOx, NO3
-, PO4



-3,
NH4



-,BOD, COD
peer reviewed articles, ecoinvent V2



food processing NH3, NO, N2O, NOx, NO3
-, PO4



-3,
NH4



-, BOD, COD
peer reviewed articles, ecoinvent V2,



LCA food, industry data 2.0, BUWAL250, IDEMAT 2001
food packaging NH3,NO, N2O,NOx, NO3



-,PO4
-3,



NH4
-,BOD, COD



ecoinvent V2, LCA food, Franklin US 98,
Industry data 2.0, BUWAL250, IDEMAT 2001



transportation NO,N2O,NOx GREET1.8
a Peer reviewed articles and use of database is explained and referenced in the Supporting Information.



FIGURE 2. Eutrophication potential of researched food groups by life cycle stage. Stages include the agricultural production, food
processing, food packaging and transportation. Median values within this study are presented in the bar graph. Certainty bars
represent the 10 and 90% confidence intervals.
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every researched food group, and (3) consumers maintain
constant calorie consumption during food pattern shifts. In
reality, the shift of dietary habits is a relatively slow process
(55, 56). Although technology improvements and policy
incentives have the potential to reduce environmental
footprints of food production and processing on a large scale,
shifting red meat and dairy products to other low nitrogen
intensive food groups may significantly reduce personal
eutrophication potential. Estimated results (Figure 5) show
that food supply chains generate 40 kg nitrogen equivalent
for meeting one person’s food needs annually. Among
possible consumers’ behavioral changes, shifting dairy
products to cereals products is the most effective way to
mitigate personal eutrophication potential from both cost
and nutrient emission perspectives (Figures 5 and 6). A
change in milk has larger eutrophication effect than a change
in red meat consumption because of meat’s higher caloric
density. Shifting 5% of dairy product consumption to cereals
groups and maintaining the same caloric intake can prevent
380 g per capita annual nitrogen equivalent emissions to the
environment. On the extreme, 7630 g of nitrogen equivalent/
year could theoretically be avoided if 100% of dairy products
were replaced by cereals/carbs products.



The fluctuation of food cost as a result of food consump-
tion pattern shifts is estimated based on the same set of
assumptions as discussed previously in addition to the
assumption that (4) the price of food groups remains the
same as the 2007 baseline and (5) a linear relationship exists
between food cost and mass of bought food for every
researched food group. Estimated results (Figure 6) are
calculated in comparison to a baseline of $4840 for meeting
one person’s food needs annually. This study does not
account for cost of dining out. The most economically
effective choice is to shift dairy product consumption to
cereals groups, while shifting red meat to vegetables may
increase cost. Shifting 5% of dairy products to cereals groups
and maintaining the same calories can save $40 annually for
each person. In the extreme case, replacing 100% of dairy
product with cereals/carbohydrate products could save $810.



Outlook. Because of demand for food to support the
expanding world population and changing dietary prefer-
ences with development, the application of fertilizers is



predicted to continually increase. This will likely worsen
coastal eutrophication and hypoxia. Effective and efficient
solutions should be employed to reduce nitrogen needs and
environmental nitrogen output to eventually minimize
eutrophication. Changing food purchase behaviors may be
an effective mitigation strategy. If people consume less red
meat and dairy products, the nitrogen usage for food
production will decrease. And surprisingly, shifting away from
dairy products to cereal products achieves larger eutrophi-
cation reduction than shifting away from red meat to cereal
products when the same energy content is maintained.
However, complicated environmental impacts of foods
including carbon and nitrogen profiles require overall
environmental evaluation of food choices. Policy decisions
based solely on one aspect of environmental impacts, either
carbon footprint or nitrogen footprint, are likely to result in
trade-offs such as environmental burdens shifting from global
warming to eutrophication impacts.



Additionally, this analysis focused on environmental
impacts of food choice, which is one factor related to food
choices. A variety of factors, such as taste, safety, nutrition
contents, affordability, availability, and environmental con-
cerns may also influence food choices. Food consumption
shifts based only on one factor is unlikely to happen. The
reliability of estimating eutrophication potential reduction
due to consumer behaviors’ changes is impaired when the
importance of other factors have not been adequately
addressed. Although an ideal tool which can quantify the
influences of all factors is not available, simplified approaches
still aid in understanding of the complex nature of food
choices.



Other solutions also exist to reduce eutrophication
potential of foods, for example, optimizing farming practices
during the production stage; improving food processing
techniques; and implementing prevention strategies such
as installing buffer strips, constructing wetlands, or using
other water treatment facilities to remediate nutrient runoff.
Trade-offs exist for every possible solution; a portfolio of
solutions should be suggested to meet the requirements of
abundant food supply, acceptable environmental impacts,
and sustainable social and economic development.



FIGURE 5. Eutrophication potential reductions due to
consumption shifts from high nitrogen profile foods to low
nitrogen profile foods. The same caloric contents are
maintained. Baseline is average nitrogen equivalent output
resulting from annual U.S. food consumption per capita (56).
Other lines describe eutrophication potentials of other dietary
consumption scenarios. The legend depicts the ranking of the
food consumption shifts from low N equivalent reduction (e.g.,
the lowest is USDA baseline) to high N equivalent reduction
(e.g., the highest is shifting dairy products to cereal products).



FIGURE 6. Cost reductions due to consumption shifts from high
nitrogen profile foods to low nitrogen profile foods. The same
caloric contents are maintained. Baseline is annual U.S. food
cost per capita in 2007 (51). Other lines describe cost of other
dietary consumption scenarios. The legend depicts the ranking
of the food consumption shifts from high food cost (e.g., the
highest is shifting red meat to fruits/vegetables) to low food
cost (e.g., the lowest is shifting dairy products to cereal
products).
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Appendix B. Supplementary material



Supplementary data associated with this article can be found, in
the online version, at http://dx.doi.org/10.1016/j.foodpol.2016.03.
006.
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Table A.1
Carbon, nitrogen, and water footprint factors for major food categories reported per kg product, per 1000 kcal, and per kg protein. References for original footprint factors (per kg
product) denoted with superscript letters.



Carbon Nitrogen Water



kg CO2-eq/kg
producta



kg CO2-eq/
1000 kcal*



kg CO2-eq/
kg protein*



g N lost/kg
productb



g N lost/
1000 kcal*



g N lost/kg
protein*



m3/kg
productc



m3/
1000 kcal*



m3/kg
protein*



Vegetable products
Wheat 0.58 0.1 3.5 13.9 3.7 112 2.0 0.5 15.8
Rice 1.14 0.8 35.7 9.4 2.6 112 1.3 0.4 15.1
Fruits 0.36 0.7 59.7 7.1 12.4 1056 0.5 0.9 73.1
Pulses 0.78 0.1 1.6 16.1 4.4 64 1.7 0.5 6.6
Starchy



roots
0.21 0.2 7.7 2.8 3.7 128 0.1 0.2 6.4



Vegetables 0.73 5.8 138.6 15.8 44.1 1056 0.1 0.2 5.6
Nuts 1.17 0.4 13.7 9.3 1.8 64 1.5 0.3 10.4
Oil 1.63 0.6 0.0 0.0 0.0 0 3.2 0.4 0.0



Animal products
Poultry 5.05 1.2 6.7 89.8 74.8 432 1.5 1.2 7.1
Pork 6.87 2.1 13.3 126.0 94.0 608 2.8 2.1 13.7
Beef 26.45 11.4 78.9 234.0 160.1 1104 6.6 4.5 31.1
Milk 1.34 2.6 36.7 20.4 40.9 576 0.7 1.4 19.8
Cheese 9.78 2.3 36.2 127.1 36.7 576 2.9 0.8 13.1
Eggs 3.54 1.4 17.7 72.1 49.7 608 1.3 0.9 11.0
Fish 3.83 1.9 11.2 80.1 72.0 416 X** X** X**



a Heller and Keoleian (2014).
b Updated from Leach et al. (2012).
c Mekonnen and Hoekstra (2011, 2012).
* Conversion factors derived from the U.S. Department of Agriculture National Nutrient Database for Standard Reference were used to convert footprint factors from per kg



product to per 1000 kcal and per kg protein; see Supplementary Material.
** Data unavailable.



222 A.M. Leach et al. / Food Policy 61 (2016) 213–223





http://dx.doi.org/10.1016/j.foodpol.2016.03.006


http://dx.doi.org/10.1016/j.foodpol.2016.03.006


http://refhub.elsevier.com/S0306-9192(16)30015-X/h0005


http://refhub.elsevier.com/S0306-9192(16)30015-X/h0005


http://refhub.elsevier.com/S0306-9192(16)30015-X/h0010


http://refhub.elsevier.com/S0306-9192(16)30015-X/h0010


http://refhub.elsevier.com/S0306-9192(16)30015-X/h0015


http://refhub.elsevier.com/S0306-9192(16)30015-X/h0015


http://dx.doi.org/10.1371/journal.pbio.1001700


http://refhub.elsevier.com/S0306-9192(16)30015-X/h0025


http://refhub.elsevier.com/S0306-9192(16)30015-X/h0025


http://dx.doi.org/10.1016/j.jclepro.2014.05.055


http://refhub.elsevier.com/S0306-9192(16)30015-X/h0035


http://refhub.elsevier.com/S0306-9192(16)30015-X/h0035


http://refhub.elsevier.com/S0306-9192(16)30015-X/h0040


http://refhub.elsevier.com/S0306-9192(16)30015-X/h0040


http://refhub.elsevier.com/S0306-9192(16)30015-X/h0040


http://refhub.elsevier.com/S0306-9192(16)30015-X/h0045


http://refhub.elsevier.com/S0306-9192(16)30015-X/h0045


http://refhub.elsevier.com/S0306-9192(16)30015-X/h0050


http://refhub.elsevier.com/S0306-9192(16)30015-X/h0050


http://refhub.elsevier.com/S0306-9192(16)30015-X/h0055


http://refhub.elsevier.com/S0306-9192(16)30015-X/h0055


http://refhub.elsevier.com/S0306-9192(16)30015-X/h0055


http://refhub.elsevier.com/S0306-9192(16)30015-X/h0060


http://refhub.elsevier.com/S0306-9192(16)30015-X/h0060


http://refhub.elsevier.com/S0306-9192(16)30015-X/h0065


http://refhub.elsevier.com/S0306-9192(16)30015-X/h0065


http://refhub.elsevier.com/S0306-9192(16)30015-X/h0065


http://refhub.elsevier.com/S0306-9192(16)30015-X/h0070


http://refhub.elsevier.com/S0306-9192(16)30015-X/h0070


http://refhub.elsevier.com/S0306-9192(16)30015-X/h0070


http://refhub.elsevier.com/S0306-9192(16)30015-X/h0070


http://www.food-scp.eu/files/ReportEnvComm_8Dec2011.pdf


http://www.food-scp.eu/files/ReportEnvComm_8Dec2011.pdf


http://www.food-scp.eu/node/25


http://refhub.elsevier.com/S0306-9192(16)30015-X/h0090


http://refhub.elsevier.com/S0306-9192(16)30015-X/h0090


http://refhub.elsevier.com/S0306-9192(16)30015-X/h0095


http://refhub.elsevier.com/S0306-9192(16)30015-X/h0095


http://refhub.elsevier.com/S0306-9192(16)30015-X/h0100


http://refhub.elsevier.com/S0306-9192(16)30015-X/h0100


http://www.fao.org/nr/water/infores_databases_cropwat.html


http://www.fao.org/nr/water/infores_databases_cropwat.html


http://refhub.elsevier.com/S0306-9192(16)30015-X/h0110


http://refhub.elsevier.com/S0306-9192(16)30015-X/h0110


http://refhub.elsevier.com/S0306-9192(16)30015-X/h0110


http://refhub.elsevier.com/S0306-9192(16)30015-X/h0115


http://refhub.elsevier.com/S0306-9192(16)30015-X/h0115


http://refhub.elsevier.com/S0306-9192(16)30015-X/h0115


http://refhub.elsevier.com/S0306-9192(16)30015-X/h0115


http://refhub.elsevier.com/S0306-9192(16)30015-X/h0115


http://refhub.elsevier.com/S0306-9192(16)30015-X/h0120


http://refhub.elsevier.com/S0306-9192(16)30015-X/h0120


http://refhub.elsevier.com/S0306-9192(16)30015-X/h0120


http://refhub.elsevier.com/S0306-9192(16)30015-X/h0125


http://refhub.elsevier.com/S0306-9192(16)30015-X/h0125


http://dx.doi.org/10.1088/1748-9326/9/11/115003


http://dx.doi.org/10.1088/1748-9326/9/11/115003


http://www.fcrn.org/uk/sites/default/files/fcrn_what_is_a_sustainable_healthy_diet_final.pdf


http://www.fcrn.org/uk/sites/default/files/fcrn_what_is_a_sustainable_healthy_diet_final.pdf


http://refhub.elsevier.com/S0306-9192(16)30015-X/h0140


http://refhub.elsevier.com/S0306-9192(16)30015-X/h0140


http://refhub.elsevier.com/S0306-9192(16)30015-X/h0140


http://www.ers.usda.gov/amber-waves/2013-october/growth-patterns-in-the-us-organic-industry.aspx#.UtyH17Qo6pp


http://www.ers.usda.gov/amber-waves/2013-october/growth-patterns-in-the-us-organic-industry.aspx#.UtyH17Qo6pp


http://refhub.elsevier.com/S0306-9192(16)30015-X/h0150


http://refhub.elsevier.com/S0306-9192(16)30015-X/h0150


http://dx.doi.org/10.1111/jiec.12174


http://refhub.elsevier.com/S0306-9192(16)30015-X/h0160


http://refhub.elsevier.com/S0306-9192(16)30015-X/h0160


http://refhub.elsevier.com/S0306-9192(16)30015-X/h0160


http://refhub.elsevier.com/S0306-9192(16)30015-X/h0165


http://refhub.elsevier.com/S0306-9192(16)30015-X/h0165


https://www.researchgate.net/publication/292256896_The_water_footprint_of_humanity?el=1_x_8&enrichId=rgreq-358e0e6f6a54795b0ba56f5451b333e2-XXX&enrichSource=Y292ZXJQYWdlOzMwMTY0NzE5OTtBUzozNTUxMjc3NDAzODczMjlAMTQ2MTY4MDQ1OTc1Mw==


https://www.researchgate.net/publication/292256896_The_water_footprint_of_humanity?el=1_x_8&enrichId=rgreq-358e0e6f6a54795b0ba56f5451b333e2-XXX&enrichSource=Y292ZXJQYWdlOzMwMTY0NzE5OTtBUzozNTUxMjc3NDAzODczMjlAMTQ2MTY4MDQ1OTc1Mw==


https://www.researchgate.net/publication/276101362_Assessing_planetary_and_regional_nitrogen_boundaries_related_to_food_security_and_adverse_environmental_impacts?el=1_x_8&enrichId=rgreq-358e0e6f6a54795b0ba56f5451b333e2-XXX&enrichSource=Y292ZXJQYWdlOzMwMTY0NzE5OTtBUzozNTUxMjc3NDAzODczMjlAMTQ2MTY4MDQ1OTc1Mw==


https://www.researchgate.net/publication/276101362_Assessing_planetary_and_regional_nitrogen_boundaries_related_to_food_security_and_adverse_environmental_impacts?el=1_x_8&enrichId=rgreq-358e0e6f6a54795b0ba56f5451b333e2-XXX&enrichSource=Y292ZXJQYWdlOzMwMTY0NzE5OTtBUzozNTUxMjc3NDAzODczMjlAMTQ2MTY4MDQ1OTc1Mw==


https://www.researchgate.net/publication/276101362_Assessing_planetary_and_regional_nitrogen_boundaries_related_to_food_security_and_adverse_environmental_impacts?el=1_x_8&enrichId=rgreq-358e0e6f6a54795b0ba56f5451b333e2-XXX&enrichSource=Y292ZXJQYWdlOzMwMTY0NzE5OTtBUzozNTUxMjc3NDAzODczMjlAMTQ2MTY4MDQ1OTc1Mw==


https://www.researchgate.net/publication/267776644_Sustainability_labels_on_food_products_Consumer_motivation_understanding_and_use?el=1_x_8&enrichId=rgreq-358e0e6f6a54795b0ba56f5451b333e2-XXX&enrichSource=Y292ZXJQYWdlOzMwMTY0NzE5OTtBUzozNTUxMjc3NDAzODczMjlAMTQ2MTY4MDQ1OTc1Mw==


https://www.researchgate.net/publication/267776644_Sustainability_labels_on_food_products_Consumer_motivation_understanding_and_use?el=1_x_8&enrichId=rgreq-358e0e6f6a54795b0ba56f5451b333e2-XXX&enrichSource=Y292ZXJQYWdlOzMwMTY0NzE5OTtBUzozNTUxMjc3NDAzODczMjlAMTQ2MTY4MDQ1OTc1Mw==


https://www.researchgate.net/publication/267761502_Nitrogen_footprints_Past_present_and_future?el=1_x_8&enrichId=rgreq-358e0e6f6a54795b0ba56f5451b333e2-XXX&enrichSource=Y292ZXJQYWdlOzMwMTY0NzE5OTtBUzozNTUxMjc3NDAzODczMjlAMTQ2MTY4MDQ1OTc1Mw==


https://www.researchgate.net/publication/267761502_Nitrogen_footprints_Past_present_and_future?el=1_x_8&enrichId=rgreq-358e0e6f6a54795b0ba56f5451b333e2-XXX&enrichSource=Y292ZXJQYWdlOzMwMTY0NzE5OTtBUzozNTUxMjc3NDAzODczMjlAMTQ2MTY4MDQ1OTc1Mw==


https://www.researchgate.net/publication/267761502_Nitrogen_footprints_Past_present_and_future?el=1_x_8&enrichId=rgreq-358e0e6f6a54795b0ba56f5451b333e2-XXX&enrichSource=Y292ZXJQYWdlOzMwMTY0NzE5OTtBUzozNTUxMjc3NDAzODczMjlAMTQ2MTY4MDQ1OTc1Mw==


https://www.researchgate.net/publication/265340283_Greenhouse_Gas_Emission_Estimates_of_US_Dietary_Choices_and_Food_Loss?el=1_x_8&enrichId=rgreq-358e0e6f6a54795b0ba56f5451b333e2-XXX&enrichSource=Y292ZXJQYWdlOzMwMTY0NzE5OTtBUzozNTUxMjc3NDAzODczMjlAMTQ2MTY4MDQ1OTc1Mw==


https://www.researchgate.net/publication/265340283_Greenhouse_Gas_Emission_Estimates_of_US_Dietary_Choices_and_Food_Loss?el=1_x_8&enrichId=rgreq-358e0e6f6a54795b0ba56f5451b333e2-XXX&enrichSource=Y292ZXJQYWdlOzMwMTY0NzE5OTtBUzozNTUxMjc3NDAzODczMjlAMTQ2MTY4MDQ1OTc1Mw==


https://www.researchgate.net/publication/264042692_Private_eco-brands_and_green_market_development_Towards_new_forms_of_sustainability_governance_in_the_food_retailing?el=1_x_8&enrichId=rgreq-358e0e6f6a54795b0ba56f5451b333e2-XXX&enrichSource=Y292ZXJQYWdlOzMwMTY0NzE5OTtBUzozNTUxMjc3NDAzODczMjlAMTQ2MTY4MDQ1OTc1Mw==


https://www.researchgate.net/publication/264042692_Private_eco-brands_and_green_market_development_Towards_new_forms_of_sustainability_governance_in_the_food_retailing?el=1_x_8&enrichId=rgreq-358e0e6f6a54795b0ba56f5451b333e2-XXX&enrichSource=Y292ZXJQYWdlOzMwMTY0NzE5OTtBUzozNTUxMjc3NDAzODczMjlAMTQ2MTY4MDQ1OTc1Mw==


https://www.researchgate.net/publication/264042692_Private_eco-brands_and_green_market_development_Towards_new_forms_of_sustainability_governance_in_the_food_retailing?el=1_x_8&enrichId=rgreq-358e0e6f6a54795b0ba56f5451b333e2-XXX&enrichSource=Y292ZXJQYWdlOzMwMTY0NzE5OTtBUzozNTUxMjc3NDAzODczMjlAMTQ2MTY4MDQ1OTc1Mw==


https://www.researchgate.net/publication/260280382_Consumer_response_to_food_labels_in_an_emerging_market_The_case_of_Romania?el=1_x_8&enrichId=rgreq-358e0e6f6a54795b0ba56f5451b333e2-XXX&enrichSource=Y292ZXJQYWdlOzMwMTY0NzE5OTtBUzozNTUxMjc3NDAzODczMjlAMTQ2MTY4MDQ1OTc1Mw==


https://www.researchgate.net/publication/260280382_Consumer_response_to_food_labels_in_an_emerging_market_The_case_of_Romania?el=1_x_8&enrichId=rgreq-358e0e6f6a54795b0ba56f5451b333e2-XXX&enrichSource=Y292ZXJQYWdlOzMwMTY0NzE5OTtBUzozNTUxMjc3NDAzODczMjlAMTQ2MTY4MDQ1OTc1Mw==


https://www.researchgate.net/publication/258504573_Does_the_Shoe_Fit_Real_versus_Imagined_Ecological_Footprints?el=1_x_8&enrichId=rgreq-358e0e6f6a54795b0ba56f5451b333e2-XXX&enrichSource=Y292ZXJQYWdlOzMwMTY0NzE5OTtBUzozNTUxMjc3NDAzODczMjlAMTQ2MTY4MDQ1OTc1Mw==


https://www.researchgate.net/publication/258504573_Does_the_Shoe_Fit_Real_versus_Imagined_Ecological_Footprints?el=1_x_8&enrichId=rgreq-358e0e6f6a54795b0ba56f5451b333e2-XXX&enrichSource=Y292ZXJQYWdlOzMwMTY0NzE5OTtBUzozNTUxMjc3NDAzODczMjlAMTQ2MTY4MDQ1OTc1Mw==


https://www.researchgate.net/publication/258504573_Does_the_Shoe_Fit_Real_versus_Imagined_Ecological_Footprints?el=1_x_8&enrichId=rgreq-358e0e6f6a54795b0ba56f5451b333e2-XXX&enrichSource=Y292ZXJQYWdlOzMwMTY0NzE5OTtBUzozNTUxMjc3NDAzODczMjlAMTQ2MTY4MDQ1OTc1Mw==


https://www.researchgate.net/publication/251574685_The_use_and_usefulness_of_carbon_labeling_food_A_policy_perspective_from_a_survey_of_UK_supermarket_shoppers?el=1_x_8&enrichId=rgreq-358e0e6f6a54795b0ba56f5451b333e2-XXX&enrichSource=Y292ZXJQYWdlOzMwMTY0NzE5OTtBUzozNTUxMjc3NDAzODczMjlAMTQ2MTY4MDQ1OTc1Mw==


https://www.researchgate.net/publication/251574685_The_use_and_usefulness_of_carbon_labeling_food_A_policy_perspective_from_a_survey_of_UK_supermarket_shoppers?el=1_x_8&enrichId=rgreq-358e0e6f6a54795b0ba56f5451b333e2-XXX&enrichSource=Y292ZXJQYWdlOzMwMTY0NzE5OTtBUzozNTUxMjc3NDAzODczMjlAMTQ2MTY4MDQ1OTc1Mw==


https://www.researchgate.net/publication/251574685_The_use_and_usefulness_of_carbon_labeling_food_A_policy_perspective_from_a_survey_of_UK_supermarket_shoppers?el=1_x_8&enrichId=rgreq-358e0e6f6a54795b0ba56f5451b333e2-XXX&enrichSource=Y292ZXJQYWdlOzMwMTY0NzE5OTtBUzozNTUxMjc3NDAzODczMjlAMTQ2MTY4MDQ1OTc1Mw==


https://www.researchgate.net/publication/248828433_How_a_century_of_ammonia_synthesis_changed_the_world?el=1_x_8&enrichId=rgreq-358e0e6f6a54795b0ba56f5451b333e2-XXX&enrichSource=Y292ZXJQYWdlOzMwMTY0NzE5OTtBUzozNTUxMjc3NDAzODczMjlAMTQ2MTY4MDQ1OTc1Mw==


https://www.researchgate.net/publication/248828433_How_a_century_of_ammonia_synthesis_changed_the_world?el=1_x_8&enrichId=rgreq-358e0e6f6a54795b0ba56f5451b333e2-XXX&enrichSource=Y292ZXJQYWdlOzMwMTY0NzE5OTtBUzozNTUxMjc3NDAzODczMjlAMTQ2MTY4MDQ1OTc1Mw==


https://www.researchgate.net/publication/247844517_The_Nitrogen_Cascade?el=1_x_8&enrichId=rgreq-358e0e6f6a54795b0ba56f5451b333e2-XXX&enrichSource=Y292ZXJQYWdlOzMwMTY0NzE5OTtBUzozNTUxMjc3NDAzODczMjlAMTQ2MTY4MDQ1OTc1Mw==


https://www.researchgate.net/publication/247844517_The_Nitrogen_Cascade?el=1_x_8&enrichId=rgreq-358e0e6f6a54795b0ba56f5451b333e2-XXX&enrichSource=Y292ZXJQYWdlOzMwMTY0NzE5OTtBUzozNTUxMjc3NDAzODczMjlAMTQ2MTY4MDQ1OTc1Mw==


https://www.researchgate.net/publication/236949426_Consequences_of_human_modification_of_the_global_nitrogen_cycle?el=1_x_8&enrichId=rgreq-358e0e6f6a54795b0ba56f5451b333e2-XXX&enrichSource=Y292ZXJQYWdlOzMwMTY0NzE5OTtBUzozNTUxMjc3NDAzODczMjlAMTQ2MTY4MDQ1OTc1Mw==


https://www.researchgate.net/publication/236949426_Consequences_of_human_modification_of_the_global_nitrogen_cycle?el=1_x_8&enrichId=rgreq-358e0e6f6a54795b0ba56f5451b333e2-XXX&enrichSource=Y292ZXJQYWdlOzMwMTY0NzE5OTtBUzozNTUxMjc3NDAzODczMjlAMTQ2MTY4MDQ1OTc1Mw==


https://www.researchgate.net/publication/236949426_Consequences_of_human_modification_of_the_global_nitrogen_cycle?el=1_x_8&enrichId=rgreq-358e0e6f6a54795b0ba56f5451b333e2-XXX&enrichSource=Y292ZXJQYWdlOzMwMTY0NzE5OTtBUzozNTUxMjc3NDAzODczMjlAMTQ2MTY4MDQ1OTc1Mw==


https://www.researchgate.net/publication/234010473_A_Footprint_Family_extended_MRIO_model_to_support_Europe's_transition_to_a_One_Planet_Economy?el=1_x_8&enrichId=rgreq-358e0e6f6a54795b0ba56f5451b333e2-XXX&enrichSource=Y292ZXJQYWdlOzMwMTY0NzE5OTtBUzozNTUxMjc3NDAzODczMjlAMTQ2MTY4MDQ1OTc1Mw==


https://www.researchgate.net/publication/234010473_A_Footprint_Family_extended_MRIO_model_to_support_Europe's_transition_to_a_One_Planet_Economy?el=1_x_8&enrichId=rgreq-358e0e6f6a54795b0ba56f5451b333e2-XXX&enrichSource=Y292ZXJQYWdlOzMwMTY0NzE5OTtBUzozNTUxMjc3NDAzODczMjlAMTQ2MTY4MDQ1OTc1Mw==


https://www.researchgate.net/publication/234010473_A_Footprint_Family_extended_MRIO_model_to_support_Europe's_transition_to_a_One_Planet_Economy?el=1_x_8&enrichId=rgreq-358e0e6f6a54795b0ba56f5451b333e2-XXX&enrichSource=Y292ZXJQYWdlOzMwMTY0NzE5OTtBUzozNTUxMjc3NDAzODczMjlAMTQ2MTY4MDQ1OTc1Mw==


https://www.researchgate.net/publication/233482403_Who's_Buying_Organic_Vegetables_Demographic_Characteristics_of_US_Consumers?el=1_x_8&enrichId=rgreq-358e0e6f6a54795b0ba56f5451b333e2-XXX&enrichSource=Y292ZXJQYWdlOzMwMTY0NzE5OTtBUzozNTUxMjc3NDAzODczMjlAMTQ2MTY4MDQ1OTc1Mw==


https://www.researchgate.net/publication/233482403_Who's_Buying_Organic_Vegetables_Demographic_Characteristics_of_US_Consumers?el=1_x_8&enrichId=rgreq-358e0e6f6a54795b0ba56f5451b333e2-XXX&enrichSource=Y292ZXJQYWdlOzMwMTY0NzE5OTtBUzozNTUxMjc3NDAzODczMjlAMTQ2MTY4MDQ1OTc1Mw==


https://www.researchgate.net/publication/231894420_Carbon_footprinting_of_lamb_and_beef_production_systems_Insights_from_an_empirical_analysis_of_farms_in_Wales_UK?el=1_x_8&enrichId=rgreq-358e0e6f6a54795b0ba56f5451b333e2-XXX&enrichSource=Y292ZXJQYWdlOzMwMTY0NzE5OTtBUzozNTUxMjc3NDAzODczMjlAMTQ2MTY4MDQ1OTc1Mw==


https://www.researchgate.net/publication/231894420_Carbon_footprinting_of_lamb_and_beef_production_systems_Insights_from_an_empirical_analysis_of_farms_in_Wales_UK?el=1_x_8&enrichId=rgreq-358e0e6f6a54795b0ba56f5451b333e2-XXX&enrichSource=Y292ZXJQYWdlOzMwMTY0NzE5OTtBUzozNTUxMjc3NDAzODczMjlAMTQ2MTY4MDQ1OTc1Mw==


https://www.researchgate.net/publication/231894420_Carbon_footprinting_of_lamb_and_beef_production_systems_Insights_from_an_empirical_analysis_of_farms_in_Wales_UK?el=1_x_8&enrichId=rgreq-358e0e6f6a54795b0ba56f5451b333e2-XXX&enrichSource=Y292ZXJQYWdlOzMwMTY0NzE5OTtBUzozNTUxMjc3NDAzODczMjlAMTQ2MTY4MDQ1OTc1Mw==


https://www.researchgate.net/publication/229473042_Carbon_labelling_Too_complex_or_will_it_transform_our_buying?el=1_x_8&enrichId=rgreq-358e0e6f6a54795b0ba56f5451b333e2-XXX&enrichSource=Y292ZXJQYWdlOzMwMTY0NzE5OTtBUzozNTUxMjc3NDAzODczMjlAMTQ2MTY4MDQ1OTc1Mw==


https://www.researchgate.net/publication/229473042_Carbon_labelling_Too_complex_or_will_it_transform_our_buying?el=1_x_8&enrichId=rgreq-358e0e6f6a54795b0ba56f5451b333e2-XXX&enrichSource=Y292ZXJQYWdlOzMwMTY0NzE5OTtBUzozNTUxMjc3NDAzODczMjlAMTQ2MTY4MDQ1OTc1Mw==


https://www.researchgate.net/publication/229077527_Integrating_Ecological_Carbon_and_Water_Footprint_into_a_Footprint_Family_of_Indicators_Definition_and_Role_in_Tracking_Human_Pressure_on_the_Planet?el=1_x_8&enrichId=rgreq-358e0e6f6a54795b0ba56f5451b333e2-XXX&enrichSource=Y292ZXJQYWdlOzMwMTY0NzE5OTtBUzozNTUxMjc3NDAzODczMjlAMTQ2MTY4MDQ1OTc1Mw==


https://www.researchgate.net/publication/229077527_Integrating_Ecological_Carbon_and_Water_Footprint_into_a_Footprint_Family_of_Indicators_Definition_and_Role_in_Tracking_Human_Pressure_on_the_Planet?el=1_x_8&enrichId=rgreq-358e0e6f6a54795b0ba56f5451b333e2-XXX&enrichSource=Y292ZXJQYWdlOzMwMTY0NzE5OTtBUzozNTUxMjc3NDAzODczMjlAMTQ2MTY4MDQ1OTc1Mw==


https://www.researchgate.net/publication/229077527_Integrating_Ecological_Carbon_and_Water_Footprint_into_a_Footprint_Family_of_Indicators_Definition_and_Role_in_Tracking_Human_Pressure_on_the_Planet?el=1_x_8&enrichId=rgreq-358e0e6f6a54795b0ba56f5451b333e2-XXX&enrichSource=Y292ZXJQYWdlOzMwMTY0NzE5OTtBUzozNTUxMjc3NDAzODczMjlAMTQ2MTY4MDQ1OTc1Mw==


https://www.researchgate.net/publication/229077527_Integrating_Ecological_Carbon_and_Water_Footprint_into_a_Footprint_Family_of_Indicators_Definition_and_Role_in_Tracking_Human_Pressure_on_the_Planet?el=1_x_8&enrichId=rgreq-358e0e6f6a54795b0ba56f5451b333e2-XXX&enrichSource=Y292ZXJQYWdlOzMwMTY0NzE5OTtBUzozNTUxMjc3NDAzODczMjlAMTQ2MTY4MDQ1OTc1Mw==


https://www.researchgate.net/publication/227418935_Should_the_consumption_of_farmed_animal_products_be_restricted_and_if_so_by_how_much?el=1_x_8&enrichId=rgreq-358e0e6f6a54795b0ba56f5451b333e2-XXX&enrichSource=Y292ZXJQYWdlOzMwMTY0NzE5OTtBUzozNTUxMjc3NDAzODczMjlAMTQ2MTY4MDQ1OTc1Mw==


https://www.researchgate.net/publication/227418935_Should_the_consumption_of_farmed_animal_products_be_restricted_and_if_so_by_how_much?el=1_x_8&enrichId=rgreq-358e0e6f6a54795b0ba56f5451b333e2-XXX&enrichSource=Y292ZXJQYWdlOzMwMTY0NzE5OTtBUzozNTUxMjc3NDAzODczMjlAMTQ2MTY4MDQ1OTc1Mw==


https://www.researchgate.net/publication/227418923_Protein_efficiency_per_unit_energy_and_per_unit_greenhouse_gas_emissions_Potential_contribution_of_diet_choices_to_climate_change_mitigation?el=1_x_8&enrichId=rgreq-358e0e6f6a54795b0ba56f5451b333e2-XXX&enrichSource=Y292ZXJQYWdlOzMwMTY0NzE5OTtBUzozNTUxMjc3NDAzODczMjlAMTQ2MTY4MDQ1OTc1Mw==


https://www.researchgate.net/publication/227418923_Protein_efficiency_per_unit_energy_and_per_unit_greenhouse_gas_emissions_Potential_contribution_of_diet_choices_to_climate_change_mitigation?el=1_x_8&enrichId=rgreq-358e0e6f6a54795b0ba56f5451b333e2-XXX&enrichSource=Y292ZXJQYWdlOzMwMTY0NzE5OTtBUzozNTUxMjc3NDAzODczMjlAMTQ2MTY4MDQ1OTc1Mw==


https://www.researchgate.net/publication/227418923_Protein_efficiency_per_unit_energy_and_per_unit_greenhouse_gas_emissions_Potential_contribution_of_diet_choices_to_climate_change_mitigation?el=1_x_8&enrichId=rgreq-358e0e6f6a54795b0ba56f5451b333e2-XXX&enrichSource=Y292ZXJQYWdlOzMwMTY0NzE5OTtBUzozNTUxMjc3NDAzODczMjlAMTQ2MTY4MDQ1OTc1Mw==


https://www.researchgate.net/publication/222524326_'Measuring_Sustainability_Why_the_Ecological_Footprint_Is_Bad_Economics_and_Bad_Environmental_Science'?el=1_x_8&enrichId=rgreq-358e0e6f6a54795b0ba56f5451b333e2-XXX&enrichSource=Y292ZXJQYWdlOzMwMTY0NzE5OTtBUzozNTUxMjc3NDAzODczMjlAMTQ2MTY4MDQ1OTc1Mw==


https://www.researchgate.net/publication/222524326_'Measuring_Sustainability_Why_the_Ecological_Footprint_Is_Bad_Economics_and_Bad_Environmental_Science'?el=1_x_8&enrichId=rgreq-358e0e6f6a54795b0ba56f5451b333e2-XXX&enrichSource=Y292ZXJQYWdlOzMwMTY0NzE5OTtBUzozNTUxMjc3NDAzODczMjlAMTQ2MTY4MDQ1OTc1Mw==


https://www.researchgate.net/publication/216810459_Greenhouse_gas_mitigation_by_agricultural_intensification?el=1_x_8&enrichId=rgreq-358e0e6f6a54795b0ba56f5451b333e2-XXX&enrichSource=Y292ZXJQYWdlOzMwMTY0NzE5OTtBUzozNTUxMjc3NDAzODczMjlAMTQ2MTY4MDQ1OTc1Mw==


https://www.researchgate.net/publication/216810459_Greenhouse_gas_mitigation_by_agricultural_intensification?el=1_x_8&enrichId=rgreq-358e0e6f6a54795b0ba56f5451b333e2-XXX&enrichSource=Y292ZXJQYWdlOzMwMTY0NzE5OTtBUzozNTUxMjc3NDAzODczMjlAMTQ2MTY4MDQ1OTc1Mw==








image1.jpeg




image2.jpeg




image3.jpeg




