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Consumption of beef, pork, dairy, coffee, wheat, and poultry drive global biodiversity loss   
 
 
Louisa Durkin 
 
Abstract 
 
Land-use change, driven mostly by agriculture, is the leading cause of terrestrial biodiversity 
loss. In this study, we identify the food and non-food biomass products that appropriate the 
most land within biodiversity hotspots by tracing material flows. In the past decade, multi-
regional input-output (MRIO)—supply chain data—has unraveled complicated material flows 
and the associated environmental impact embodied in trade. The relative impact of 
agricultural products (both food and non-food) on biodiversity hotspots is not yet defined. In 
this study, data from the Food and Agriculture Biomass Input-Output (FABIO) hybrid model 
and spatial analysis is used to determine the amount of land used within biodiversity hotspots 
for selected goods consumed in Australia, Canada, the European Union, and the United States 
in 2012. I find that beef production appropriates twice as much land within biodiversity 
hotspots (5.46 million hectares [MH]) as compared to any other commodity in our analysis. 
After beef, there are three biomass products that each appropriate over two MH annually 
within biodiversity hotspots: pork (2.41 MH), dairy (2.30 MH), and coffee (2.15 MH). Four 
crops each appropriate between 1-2 MH: wheat (1.67 MH), poultry (1.50 MH), rubber (1.07 
MH) and palm oil (1.02 MH). Palm oil grown for biofuel and chemical production uses ten 
times more land within biodiversity hotspots than food palm oil. For animal products, I 
examine land attributed to grazing and to growing feed crops: for beef, grazing-land 
appropriates twice as much land within biodiversity hotspots as the feed crop component. 
Determining relative land-use within biodiversity hotspots can help inform individual and 
policy decisions to prevent biodiversity loss and to maintain human life within planetary 
boundaries. 
 
 
 
 
 
 
 
 
 
Keywords: biodiversity, biodiversity hotspots, biomass, material flows, MRIO, biodiversity 
loss, spatial distribution, land-use change, FABIO 
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Introduction 
 
Preventing the destruction of nature and loss of biodiversity is essential for humanity (Díaz et 
al 2019). In 2019, the Intergovernmental Science-Policy Platform on Biodiversity and 
Ecosystem Services (IPBES) called for “transformative change” in the face of pervasive 
global biodiversity loss. The rate of biodiversity loss is happening at unequal rates 
geographically and is largely driven by countries with the highest gross domestic product 
(GDP) (Díaz et al 2019). Ranking biodiversity threats is non-trivial but it is generally believed 
that the main drivers of biodiversity loss are (in order of impact): changes in land and sea use, 
direct exploitation of organisms, climate change, pollution, and invasive alien species (IPBES 
2019). There are nine planetary boundaries defined to delimit “safe operating space for 
humanity” (Rockstrom et al 2009, and Steffen et al 2015). Agriculture—growing food and 
non-food biomass—is essential for human existence but is also one of the main drivers of 
biodiversity loss and transgression of planetary boundaries (Campbell et al 2017). 
Consumption in wealthy nations has long been linked to ecosystem destruction elsewhere 
through international trade (Lenzen et al 2012). In order to avoid tipping points within 
planetary boundaries it is suggested that less than 15% of ice-free land be converted to crop-
land (Robèrt et al 2013); this means that halting crop-land expansion from today’s current 
level of 11% (FAO, 2011) is a critical sustainability strategy.  
 
Since 1970, there has been an 200% increase in removal of biomass from nature (Díaz et al 
2019). In 2011, the Aichi Targets were developed and agreed upon for biodiversity protection 
by the Convention on Biological Diversity (CBD, 2011). A review of the progress of the 
Aichi Targets in 2018 determined the data coverage related to agricultural indicators was 
especially poor and there is a need for more precise understanding and targeting of the 
specific drivers of biodiversity loss for biodiversity protection (Driscoll et al 2018). The 2019 
FAO report on the State of the World’s Biodiversity determined something similar: to protect 
biodiversity, I must better examine the components of the biodiversity loss drivers (2019).  
 
Indicators for Biodiversity Loss  
 
Oversimplification of biodiversity accounting is nearly impossible to avoid as there are 
multiple drivers of biodiversity loss including habitat change, pollution, climate change, 
direct exploitation of species, and invasive species (Teillard et al 2015). Land-use change is 
the primary driver of terrestrial biodiversity loss (Díaz et al 2019). Supply chain data can be 
used to examine the causes of land-use change. There are many available methods for 
environmentally extending supply chain data, and they hold great potential for quantifying 
biodiversity impacts (Marques et al 2017). In the past decade, technological capabilities have 
increased scientists’ abilities to extract and analyze data from multi-regional input-output 
tables (MRIO) (Díaz et al 2019). MRIO tables trace global trade data from production to 
consumption and are often used to examine embodied environmental impact (Druckman et al 
2009, Ewing et al 2013, Gallia et al 2013, Hertwich EG et al 2009, Weinzettel et al 2011).  
 
Comparing MRIO data with data relating to environmental indicators such as biodiversity or 
carbon emissions is a way of environmentally extending MRIO (EEMRIO). One way of 
examining the environmental impacts associated with the extraction and processing goods 
embodied in global trade data is through species area relationships.  For example, species 
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richness data from International Union for Conservation of Nature (IUCN) can be used to 
estimate of the number of species threatened by production. This method relies on the 
accuracy of species data collection and on the precision of the spatial data of the input-output 
table (Chaudry et al 2015). Greenhouse gas emission accounting using EEMRIO is useful for 
assessing impact on climate change but does not account for the primary driver of terrestrial 
biodiversity loss: land-use change. To examine land-use change, understanding which items 
use the most land and the quality of the land they require, is essential. One way of doing this 
is by looking at the net primary production (NPP): the amount of energy stored in biomass of 
the primary producers (mostly plants). Taking the NPP potential of an area and comparing it 
to how much of the primary biomass humans are appropriating is one way to determine 
environmental impact (Weinzettel 2019, Haberl 2014 Druckman A et al, Hertwich EG et al). 
The Food and Agriculture Biomass Input-Output (FABIO) hybrid MRIO assesses land-use 
for crops and animal products and uses net primary produtivity method to account for 
grazing-land-use. Typically, some combination of the methods mentioned in this paragraph 
are used together to determine the environmental impact of agriculture from MRIO supply 
chain tables.  
 
 
Biodiversity Hotspots   
 
Biodiversity hotspots are areas that are “irreplaceable and threatened” and thus high priorities 
for conservation, defined as areas with >1500 endemic vascular plant species and ≤30% of 
original primary habitat remaining (Myers et al 2000). There are currently 36 areas that 
qualify as biodiversity hotspots globally, concentrated mostly in the tropics but also extending 
to Mediterranean climates, and mountains of Eurasia. This designation is especially useful for 
conservation priorities (Marchese 2014, Souza et al 2015). Biodiversity hotspots account for 
2.4% of land on earth and house nearly half of earth’s species (50% of plant species and 42% 
of land vertebrate species) (Hrdina and Romportldusan 2017). Research examining the overall 
impact of crop and pasture-land on biodiversity hotspots has determined that about 20% of 
the NPP appropriation in hotspot regions comes from international trade impacts (Weinzettel 
et al 2018). Which crops and animal products have the highest relative impact on land-use 
within biodiversity hotspots is unknown and motivated this work.  
 
 
Assessing agricultural land-use appropriation  
 
Both biofuels and animal agriculture are two of the main contributors to land-use change 
(Alexander et al 2015, Bringezu et al 2012, Bruckner 2019). Growing populations and shifts 
toward dietary changes including eating more meat are the two main drivers of land-use 
change, and animal products account for 65% of land-use change (Alexander et al 2015). 
Considerable research has been done to assess the land used to produce food crops, but gaps 
in research still exist in assigning land-use to pastureland and for non-food crops (Wilting et 
al 2016, Chaudry et al 2015, Ramankutty 2007). Non-food crops (agricultural products grown 
to produce for example: fiber, biofuels, detergents and polymers) are a growing proportion of 
global crop-land (Bringezu et al 2012). Biofuels in particular contribute to expanding crop-
land in the past decade (Alexander et al 2015). The transition from fossil fuels to biomass-
based fuel sources has negatively impacted biodiversity and that could negate any climate 
benefits (Howarth and Bringezu, 2009, Hof et al 2018). A study by Bruckner et al. (2019) 
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illustrated that European Union consumption of non-food biomass appropriated 14.6 million 
hectares (MH)  and increased by 44% between 1995-2010. In this study, I employ the same 
data to compare both food and non-food biomass commodities to assess biodiversity impacts.   
 
 
 
 
Aims of this study 
 
The goal of this study is to determine relative biodiversity impact of food and non-food 
biomass products in affluent countries (Australia, Canada, EU, US), using land-use as a 
proxy. This study aims to understand (1) which products consumed in affluent countries 
(Australia, Canada, EU, US) appropriate the greatest amount of land within biodiversity 
hotspots, (2) how much land appropriation in biodiversity hotspots is attributed to food vs. 
non-food items, and (3) what is the breakdown of the land-use for animal products in 
biodiversity hotspots.  
 
 
Methods 
 
To identify relative biodiversity impact, I ranked biomass commodities based on their land-
use within biodiversity hotspots. The list of food and non-food items was created by 
examining which products have the highest total impact on threatened species using data from 
the Eora MRIO and IUCN threatened species list (Lenzenet al 2013). Land-use data came 
from FABIO hybrid (Bruckner et al 2019). Biodiversity hotspot land-use calculation is done 
by overlaying spatial data of crop-land and grazing-land (IFPRI 2019, Ramenkutty et al 2007) 
with biodiversity hotspots (Hoffman 2016) for each country of origin. Using this data, I 
determined the land-use within biodiversity hotspots for each list item. 
 
Determining the list of biomass consumables to investigate  
 
To determine which commodities are most important for driving biodiversity loss, I combined 
two sources: the Eora MRIO (Lenzen et al 2013), which examines industry impact on species, 
and the FABIO hybrid data (Bruckner et al 2018). First, using Eora  MRIO and environmental 
extension of the data with extent of occurrence maps described by Moran and Kanemoto 
(2017) was examined. This initial analysis ranks products based on the number of species 
threatened with IUCN and Birdlife International data. The top twenty items were added to our 
list. Additional items were added once I shifted our analysis to use FABIO hybrid model and 
filtered for the top twenty land appropriating items that are consumed in Australia, Canada, 
EU, and/or USA. The final list for comparison includes twenty-four crops and animal 
products and includes both food items (crops and animal products for consumption by 
humans) and non-food items (crops grown for any purpose other than being eaten by 
humans). Food items included are: bananas, cocoa, coconut, coffee, corn, cow meat, corn, 
dairy, eggs, groundnuts, nuts, other oil crops, palm oil, pork, rapeseed, rice, sheep/goat meat, 
soy, sugar cane, sugar beet, sunflower seed, and wheat. The non-food items included in this 
analysis are: coconut, corn, cotton, groundnuts, other oil crops, palm oil, rapeseed, rice, 
rubber, soy, sugar cane, sugar beet, sunflower oil, tobacco, and wheat. 
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Determining reporting regions  
 
This study addresses land-use of affluent areas and their impact on global terrestrial 
biodiversity. I utilized household consumption data from Australia, Canada, the EU 
(including UK) and the US (referred to in this paper hereafter as the “reporting regions”). 
Each of the four reporting regions had a GDP that is at least three times higher than average 
global GPD in 2012 (World Bank). These four regions all have large landmasses and account 
for at least a third of the total global land footprint according to a study by Weinzettel et al 
(2013). Because of the similar consumption patterns, I expect the results to be fairly 
comparable among the regions.  
 
Identifying the land-use of each item  
 
The total land-use appropriated for each biomass product comes from FABIO hybrid dataset 
and is aggregated for each product. All the data used in the analysis is from 2012 and includes 
items consumed in the reporting regions.  FABIO hybrid—developed by Bruckner and 
Kuschnig—accounts for land-use by linking two supply chain databases together: FABIO and 
EXIOBASE (2020). FABIO hybrid dataset traces land-use from country of origin to the . 
FABIO integrates datasets from FAOSTAT, International Energy Agency/Energy 
Information Administration, Contrace and International Trade Database at the Product-Level 
(BACI) and traces biomass flow of 130 products from 191 countries (Bruckner et al 2019). 
FABIO is linked with EXIOBASE (another dataset that traces the monetary flow of 200 
products) to create the FABIO hybrid database. FABIO hybrid provides a total land-use value 
(in hectares) for the crop-land and grazing-land appropriated by each biomass product. 
FABIO hybrid uses NPP to infer grazing-land. Both food and non-food biomass products are 
included in the analysis, but timber production is excluded because there is limited spatial 
data available that distinguishes actual harvested areas from tree cover (Fischer et al 2017).  
Land-use was aggregated for all components of a product (i.e. groundnuts = groundnut oil + 
groundnuts (shelled eq)). For more details of the components of each product see the list in 
supplemental data. For animal products considered in this analysis, (beef, dairy, eggs, pork, 
poultry,  sheep/goat meat) the data was aggregated for grazing-land-use and crop-land-use. A 
figure describing the datasets used and the calculations can be found in the appendix. 
 
 
Biodiversity hotspot percentage per crop 
 
To increase the value of the land-use data for biodiversity impact analyses, I overlaid land-use 
for growing each crop studied with the location of biodiversity hotspots. Because the FABIO 
data is country specific, it is possible to compared the land-use per item with the percent of 
each crop that is harvested within a biodiversity hotspot for that country. I did this for each of 
the biomass prodcuts on our list.  for crop-land, pastureland, biodiversity hotspots, and 
country. Crop and grazing-land maps came from mapspam (IFPRI 2019), earthstat 
(Ramenkutty et al 2007). Mapspam data is from 2010 and earthstat data is from 2000. To 
account for endemism and biodiversity importance, I used the biodiversity hotspots map 
(version 2016.1) (Hoffman 2016). For determining country-level administrative boundaries, I 
used GADM version 2.8 2011 (Hijmans et al 2001).  I used an R script to calculate the 
percentage of each crop/pastureland that is located in biodiversity hotspots for each country. 
Codes for the analyses are available in the appendix. Mapspam data, which is more recent 
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(2010), was used for all food and non-food commodities with the exception of fodder crops, 
nuts, oats, pastureland, and rubber which is only available from earthstat (2000) (see 
appendix).  
 
To determine the land-use appropriation in biodiversity hotspots of animal products, I 
considered the crop-land-use and grazing-land-use. For crop-land, I considered at least 85% 
of the crop-land and any crop that contributed at least 3% of the total land-use for any given 
animal product. For our analysis, I used a map of total harvested crop-land to account for 
fodder crops (defined by the Food and Agriculture Organization (FAO) as any of 80 crops 
grown primarily for animal feed (FAO, 1994)). 
 
 
Regional Analysis 
 
Here, I examined each of the components of beef production per reporting region. Grazing-
land in the FABIO hybrid employs a technique for determining how much grazing-land is 
appropriated by animal products through NPP. The FABIO hybrid model accounts for the 
land-use attributed to grazing-land and the land-use for each feed crop separately. I accounted 
for each of the total inputs: grazing-land and each crop (that contributed to at least 3% of total 
crop-land) fed to beef cattle, as described in the FABIO hybrid data set, was used to compare 
relative land-use required for grazing and individual fodder crops for each of the four 
reporting regions. This same procedure was repeated for the land-use within biodiversity 
hotspot data, to understand overall land-use impact and land-use specifically within 
biodiversity hotspots.  
 
Results 
 
Biodiversity hotspot appropriation intensity 
 
Relative land-use appropriated within biodiversity hotspots by products consumed in the four 
reporting regions is ranked (Figure 1). In the four reporting regions, beef production is 
responsible for the largest amount of land appropriation (5.46 MH) within biodiversity 
hotspots. Pork (2.41 MH), dairy (2.26 MH), and coffee (2.15 MH) all appropriate over two 
million hectares of land within biodiversity hotspots. The largest non-food contributor to 
land-use appropriation within biodiversity hotspots is palm oil. Non-food palm oil has a land-
use footprint within biodiversity hotspots of just over one million hectares; the footprint 
within biodiversity hotspots for food palm oil is one tenth of this value (Figure 1).   
 
 
Bruckner et al used the same FABIO hybrid methodology employed in this study to examine 
biomass flows within the European Union, and for the first time determined which non-food 
biomass consumption had the highest impact on land-use (2019). In this study, I are able to 
combine food and non-food biomass consumption into a single analysis. Previous studies 
examining land-use have only been able to definitively provide land-use footprints for the 
crop-land component of animal products and leave out or grossly overestimate grazing-land 
(Ramankutty et al 2007, Bruckner et al 2019) 
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Beef and pork have the highest land-use appropriation within biodiversity hotspots. These 
products also have the highest overall land-use globally, and less than 10% of their total land-
use appropriation comes from biodiversity hotspot areas (Figure 1, appendix). The products 
with the highest land appropriation within biodiversity hotspots either contribute because of 
their large overall land-use (for example: animal products, wheat, and rapeseed); or they are 
tropical crops and their land appropriation is overrepresented within biodiversity hotspots (for 
example: coffee, palm oil, rubber, coconuts, cocoa, and groundnuts). Corn and sugar beets 
had the lowest land appropriation within biodiversity hotspots among the crops studied 
accounting for about 74,000 and 26,000 hectares respectively. Poultry (1.50 MH) falls after 
coffee (2.15 MH) wheat (1.7 MH) for land-use appropriation within biodiversity hotspots. 
Eggs (0.61 MH) fall lower in relative biodiversity hotspot land-use than the rest of the animal 
products land-use appropriation within biodiversity hotspots and have a slightly lower land-
use within biodiversity hotspots than nuts (0.63 MH) (figure 1). 
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Figure 1: Understanding Biodiversity Impact Food (orange) and non-food (blue) products are ranked by their 
relative land-use appropriation within biodiversity hotspots. The chart displays the number of hectares of land 
that are harvested from biodiversity hotspots to produce each biomass product. Land-use data for the items 
included comes from FABIO hybrid database, and the values for land-use within a designated biodiversity 
hotspot was calculated with spatial data sets for crop-land and grazing-land. Hotspots, are essential for 
biodiversity conservation (Myers et al 2000). See methods for more information on the calculation.   
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Beef land-use by region 
 
Beef has the highest land-use appropriation within biodiversity hotspot areas, and I examine 
the land-use of beef in depth, per region (figure 2). Seventy percent of beef production for the 
reporting regions is domestic and grazing-land is the greatest land-use appropriator for each 
of the regions except for the EU. The combined land-use appropriation of grazing-land as a 
component of beef production for the reporting regions is 42 MH and crop-land contributes to 
25 MH of land appropriation. 1.3% of beef grazing-land are within biodiversity hotspots and 
1.5% of crop-lands are within biodiversity hotspots. Grazing-land for all four regions is the 
highest contributor to land-use appropriation within biodiversity hotspots. However, beef 
consumed in the EU appropriates more crop-land than grazing-land. Australia appropriated 
the most grazing-land per capita. Previously, MRIO data only accounted for the land used to 
grow crops to feed animals (crop-land), but did not account for the land-used for grazing 
(pastureland) (Chaudharya and Kastner, 2017). The FABIO hybrid includes an assessment of 
net primary productivity (NPP) biomass flows and accounts for grazing. By using NPP and 
assuming extensive grazing, pastureland and crop-land can both be accurately included in 
land-use calculations and I avoid over-emphasizing grazing impact.  The single greatest 
contributor to land-use appropriation within biodiversity hotspots as a component of beef 
production is grazing-land.  
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Figure 3: This bar graph shows the relative land-use within biodiversity hotspots for beef 
production giving the details of the components of land-use, relative to one million people. In 
this study, we examine the aggregated data for the four regions. These results show how the 
land-use of beef production is calculated. Depicted here is 90% of the total crop-land and 
includes the crops per region that contribute at least 4% of the crop-land used to produce beef. 
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Discussion 
 
We determine relative biodiversity intensity by comparing the amount of land used within a 
biodiversity hotspot to produce each item. Here, I focus on one driver of biodiversity loss, 
land-use, as a proxy to understand the relative biodiversity impact on global biodiversity of 
various products. Through this analysis, I directly address the gaps in relative impact of 
agricultural products in the Aichi biodiversity targets outlined in outlined in the Discoll et al 
analysis (2018). 
 
Palm oil and transitioning to a biomass-based society  
 
It should not be assumed that a transition from a fossil-fuel-based society to biomass-based-
society is inherently sustainable because land-use required to grow biomass has negative 
impact on biodiversity (Pfau et al 2014, Hof et al 2018). Palm oil is of particular interest in 
the non-food biomass category. Our study finds that 62% of palm oil that is consumed in the 
Australia, Canada, the US and the EU is harvested within biodiversity hotspot areas. Ten 
times more palm oil is used for non-food purposes (biofuels and chemicals) than food 
products. Land-use for palm oil production increased fourfold from 1975-2005, from 3.5 
million hectares in 1975 to 13.1 million hectares in 2005 (Wicke et al 2008). This trend 
continues today (Bruckner et al 2019), meaning that palm oil not only uses significant 
amounts of land in biodiversity hotspots as shown here, but that it is contributing to ongoing 
land-use change – the leading driver of biodiversity loss.  
 
Focusing on biodiversity hotspots as an impact metric 
 
In this study, I focused on the land-use and specifically land-use within biodiversity hotspots 
as a proxy for biodiversity impact because land-use change is the primary driver of 
biodiversity loss. In our relative impact analysis, I do not quantify the impact of climate 
change or direct exploitation, the second and third drivers of biodiversity loss (Díaz et al 
2019). Research on terrestrial assemblages suggests that change in climate could have 
catastrophic effects on biodiversity (Blowes et al 2019). But in focusing on land-use, 
biodiversity hotspots have been used as guides for conservation since they were proposed as 
regions for nature conservation by Myers et al (2000). Biodiversity hotspots assigned by 
Myers et al encompass areas with >1500 endemic vascular plant species and ≤30% of original 
primary habitat. They are therefore areas of both substantial biodiversity and dire 
conservation need (2000). There are many ways to calculate endemism hotspots, and recent 
study by Daru et al (2020) suggests that regardless of the scale used to determine endemism 
(both number of species and resolution), each scale of analysis fell below 10% target for 
protected areas showing that conservation is woefully inadequate. In further studies including 
forestry impact as well as the impact caused by climate change and direct exploitation of 
species will provide a more robust conclusion. 
 
Accounting for grazing-lands 
 
In this study, the grazing-land and the feed required for animals is taken into consideration to 
determine total land use for each biomass product from animals. This allows us to more 
accurately assign relative biodiversity intensities by determining the percentage of each 
component of land-use appropriation that is within biodiversity hotspots. Globally, grazing-
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lands cover 3 billion hectares of earth’s surface (Ramankutty et al 2007). Seven percent of 
grazing-lands are within biodiversity hotspots. Despite the small percentage, the amount of 
land appropriated may contribute greatly to biodiversity loss because of how extensive 
grazing-land is.  
 
Beef consumption leads to the greatest appropriation of land within biodiversity hotspots,  but 
our results show that there are different drivers in different regions. These results are 
complicated by the fact that some beef production is essential for biodiversity in regions like 
the EU including in some hotspot areas near the Mediterranean (FAO, 201). In order to 
account for regional beef production, the impact on biodiversity and land-use change, 
employing life cycle assessments (LCA) is likely to be the most impactful research technique 
because  local conservation priorities and targets can be considered (Vrasdonk, 2019). One 
such life cycle assessment in the Nordic countries determined that a more sustainable vision 
of the food system shared across a range of stakeholders included reducing beef consumption 
by around 80% (Karlsson et al. 2018).   
 
Examining the call for plant-based diets 
 
Animal products are clearly at the top of the list in terms of land-use within biodiversity 
hotspots, however the results of this study show there is also need to examine certain plant-
based products. For example, coffee, 45% of which is grown in biodiversity hotspots, is 
another opportunity for LCA analysis. Coffee was the plant-based product that appropriated 
the most land within biodiversity hotspots. It deserves attention in policy and individual 
decision making. Better management of coffee growing land (for example, shade grown 
coffee) has the potential to lessen the impact biodiversity loss (Ibanez and Blackman 2016, 
Dietch et al 2004).  
 
Many studies combine assessments for all animal products as one group (for example, 
Wilting et al 2017, Poore and Nemecek 2019), however our analysis suggests not all animal 
products have the same land-use appropriation within biodiversity hotspots. For example, I 
found eggs use less land within biodiversity hotspots than dairy, beef, and pork. In fact, the 
land-use appropriated in biodiversity hotspots to provide eggs to the reporting regions is 
slightly less than that of nuts. The average consumption of eggs is about 11.4 kg/person/year 
while that of nuts is 5.32 kg/person/year (supplementary figure 2). Determining the amount of 
land used in biodiversity hotspots allows us to gauge what biomass commodities have the 
highest impact on biodiversity. 
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Conclusions 
 
Looking at food and non-food biomass products and their land-use appropriation within 
biodiversity hotspots can provide a relative impact measure between different items. 
Biodiversity loss is an issue for the high consumption countries to address as an uneven 
balance in global wealth has led to the appropriation of land far away from where the end 
product is consumed (Díaz et al 2019). Humanity is bounded by the total amount of land on 
earth from which to draw resources and can control only the total human population, the 
efficiency of agriculture, and the consumption per capita (Dasgupta 2000). In order to remain 
within planetary boundaries, no more than 3% more of earth’s ice-free land should be 
converted into crop-land (Robèrt et al 2013). Our results indicate that beef, pork, dairy, wheat, 
coffee, palm oil, rubber, coconuts, soy, cocoa, groundnuts, rapeseed, and sugarcane use the 
most land in biodiversity hotspots, and may be among the most effective items to consider 
when addressing agricultural efficiency and per capita consumption. 
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Appendix 1: Popular Science 
  
Plant Based Diets are also better for biodiversity, with some caveats  
 
 Our planet faces ecological crisis beyond a changing climate. Biodiversity loss has increased 
exponentially in the past 50 years. In 2019, the UN Intergovernmental Science-Policy Platform on 
Biodiversity and Ecosystem Services (IPBES), determined that there are at least one million species at 
risk of extinction. Addressing the drivers of biodiversity loss, a new study from the University of 
Gothenburg investigated the agricultural products that are driving biodiversity loss. According to the 
study, affluent countries consumption of beef, pork, dairy, coffee, wheat and poultry are the main 
drivers of biodiversity loss. Biodiversity hotspots contain most of the global biodiversity and are 
generally centered around tropical regions. The production of these agricultural goods is directly tied 
to the most land-use within these biodiverse regions.  
 The study was done to address which products people are consuming that are extracted from 
high priority biodiversity areas. A similar study was done assessing individual climate impacts in 2017 
(Wynes and Nicholas) and published in Environmental Research Letters. The climate study found that 
what school curriculum describes as sustainable practices are not necessarily the most sustainable 
practices.  
 To identify the most impactful actions one can take in preventing biodiversity loss, it’s 
perhaps expected that animal products are the highest driver of biodiversity loss. Consuming animal 
products not only requires land to allow animals to graze, but also requires land to grow crops for 
animals. Other studies have also found that animal products have very high impact on climate because 
of their need for so much land 
 Coffee, wheat, palm oil, cocoa, and coconuts all rank high in land-use within biodiversity 
hotspots. This means we cannot eat a plant based diet and feel guilt-free about how our consumption 
affects our ecological footprint. Based on the study, it takes over two million hectares of land within 
biodiversity hotspots to provide the yearly coffee intake for the populations of Australia, Canada the 
EU, and the US. When broken down by population, this would mean that each person in these regions 
is responsible for over 26 meters squared of land-use within biodiversity hotspots just for their yearly 
coffee intake.  
 Additionally, the study examined the impact of the crops grown for non-food. It found that we 
use ten times more palm oil for non-food purposes than food purposes. Hopefully, further studies will 
examine exactly what these non-food purposes are (biofuels, detergents etc) and where they can be 
found in our daily consumption.  
 The more we know, the more we can improve. This study seems like a first step to identifying 
the crops that are taking the largest toll on global biodiversity. In order to halt biodiversity loss, these 
are the products we should be examining our policies, use, and management techniques.  
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Appendix 2 Definitions  
MRIO: multi-regional input output table; supply chain data 
 
EEMRIO: environmentally extended multi-regional input output table; supply chain data that 
accounts for environmental impacts 
 
FABIO: food and agriculture biomass input output model. This is the EEMRIO that Martin 
Bruckner has designed to trace biomass flows (volume based) 
 
EXIOBASE: another type of EEMRIO -- flow of 200 products based on monetary 
data, used as a cross reference with the FABIO database to provide more 
precision 
 
FABIO hybrid: this is what we use in our study to determine land-use for each of the biomass 
products we examine it cross references FABIO with EXIOBASE 
 
 STAT: database available online with all the FAO input output data 
 
NPP: net primary productivity; takes into consideration the amount of energy (biomass) the 
ecosystem would create and then subtracts that from whatever humans have replaced it with 
 
NPP_pot: net primary productivity potential; describes the potential for a given area’s net 
primary productivity without human intervention 
 
Biodiveristy Hotspots: (Myers 2000) defines biodiversity hotspots as areas with 
& 1500 endemic vascular plant species and ≤30% of original primary habitat 
 
Biodiveristy Impact: in our study we define biodiveristy impact as “the 
land-use in biodiveristy hotspot areas” 
 
Land-use: Referring to the total land appropriation attributed to producing the item. 
Land appropriation for animal products (cow meat, cow dairy, sheep/goat meat, pig 
meat, poultry meat, eggs) considers the land used to grow the crops that the animals 
are fed. 
 
 
Biomass product: term used to describe the agricultural products analyzed in the research – 
both food and non-food items 
 
EORA- MRIO table documenting the inter-sectoral transfers amongst 15,909 sector across 
190 countries   
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Supplementary Material

Supplemental Figure 2(A, B) 
A. Land-use data from food and non-food biomass items come from FABIO hybrid EXIOBASE. These 

values were used to come up with the total land use within biodiversity hotspots (figure 1). The land-
use values are aggregated from the four reporting regions: Australia, Canada, EU, US.  

B. Consumption per capita. This figure ranks the per capita consumption of the items in the study based on 
FAOSTAT data (kg/person/year) from the four reporting regions: Australia, Canada, EU, US.   
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