
DATA PAPER

Development of a comprehensive bilateral trade-flow dataset
of the environmental pressures of global food production

JosephM. DeCesaro1 , Edward H. Allison2,3, Gage Clawson1,4,5, Haley K. Epperly1, Melanie Frazier1,
Halley E. Froelich6,7, Jessica A. Gephart8, Kirsty L. Nash4, David R. Williams9 and
Benjamin S. Halpern1,10

1National Center for Ecological Analysis and Synthesis, University of California, Santa Barbara, CA, USA
2WorldFish, Penang, Malaysia
3Lancaster Environment Centre, Lancaster University, Lancaster, UK
4Centre for Marine Socioecology, University of Tasmania, Hobart, TAS, Australia
5Institute for Marine and Antarctic Studies, University of Tasmania, Hobart, TAS, Australia
6Department of Ecology, Evolution, and Marine Biology, University of California, Santa Barbara, CA, USA
7Environmental Studies, University of California, Santa Barbara, Santa Barbara, CA, USA
8School of Aquatic and Fishery Sciences, University of Washington, Seattle, WA, USA
9Sustainability Research Institute, University of Leeds, Leeds, UK
10Bren School of Environmental Science and Management, University of California, Santa Barbara, Santa Barbara, CA, USA
Corresponding author: Joseph M. DeCesaro; Email: decesaro@nceas.ucsb.edu

Received: 12 January 2024; Revised: 14 April 2025; Accepted: 18 June 2025

Keywords: agriculture and food; climate change; equity; justice; sustainable development

Abstract

The global food system puts enormous pressure on the environment. Managing these pressures requires understand-
ing not only where they occur (i.e., where food is produced), but also who drives them (i.e., where food is consumed).
However, the size and complexity of global supply chains make it difficult to trace food production to consumption.
Here, we provide the most comprehensive dataset of bilateral trade flows of environmental pressures stemming from
food production from producing to consuming nations. The dataset provides environmental pressures for greenhouse
gas emissions, water use, nitrogen and phosphorus pollution, and the area of land/water occupancy of food production
for crops and animals from land, freshwater, and ocean systems. To produce these data, we improved upon reported
food trade and production data to identify producing and consuming nations for each food item, allowing us to match
food flows with appropriate environmental pressure data. These data provide a resource for research on sustainable
global food consumption and the drivers of environmental impact.

Impact Statement

To manage environmental problems, we need to understand where anthropogenic pressures are generated and
who, or what, is driving the production of these pressures. For food production, this requires understanding who
is consuming which foods and where those foods are produced. For the first time, we quantify these connections
globally. A better understanding of the pressures of the global food system allows more accurate estimates of the
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environmental impact of food. We encourage the use of these pressure data by researchers who aim to ultimately
understand the environmental impacts of food trade at national and sub-national scales. These data can be used in
future economic, geographic, or environmental analyses.

1. Introduction

The global food system is responsible for approximately 30% of greenhouse gas (GHG) emissions, 40%
of global land use, over 50% of nitrogen and phosphorus use, and 70% of water use (Rosegrant et al.,
2009; LandUse inAgriculture by theNumbers, 2020; Crippa et al., 2021). These environmental pressures
in turn have huge impacts on climate change, biodiversity loss, water quality, and water scarcity. We
define environmental pressures as the processes, inputs, and outputs involved in the production of food
(Judd et al., 2015; Kuempel et al., 2020). Accurately calculating the impact of a pressure relies on the
sensitivity of a system to specific pressures (Halpern et al., 2022).

To understand how we can manage and mitigate environmental pressures from the food system, past
research has assessed and mapped them to the food production areas and the processes that generate them
(Gephart et al., 2021; Halpern et al., 2022). However, food production is ultimately driven by its
consumption. Therefore, to manage the environmental pressures and subsequent impacts of food
production, we need to understand where this food is also being consumed (Poore and Nemecek, 2018).

The food system has become increasingly globalized: currently, about 25%of food consumed has been
traded internationally, while 22% of all global trade by value is food (12% by weight) (D’Odorico et al.,
2014; Nyström et al., 2019). Therefore, understanding the teleconnections between where food is
produced and where it is consumed is vital to managing its environmental impact (Halpern et al.,
2019). To date, comprehensive data on food production, the environmental pressures of food, and where
foods are consumed have been siloed, and mismatches in the data scale and product resolution inhibit
linking pressures of production to consumption. To address this data gap, we have completed the non-
trivial task of combining the environmental pressures of food production with bilateral producer-to-
consumer flow data, derived from trade data, to generate themost comprehensive assessment to date of the
environmental pressures of food consumption globally, using freely accessible data.

This data product matches livestock, aquatic food, and crop trade and production with environmental
pressures and links this production to the consuming nation. Pressures connected to the use of crops and
fishmeal as feed were accounted for in the location and trade of pressures associated with animal
production. We define food as substances “consisting essentially of protein, carbohydrate and (or) fat
used in the body of an organism to sustain growth, repair and vital processes and to furnish energy”
(Merriam–Webster). These data include the pressures and trade from food products that could also be used
for non-food uses, such as fuel or fiber. A broad summary of the overall steps taken for our data output is
outlined in Figure 1. Details of these steps are described below.

2. Trade and production data

Using trade and production data in concert can help connect where food production occurs to where it is
consumed. Tracking trade is complicated because there are often intermediate trade partners, including
foreign processing of products that can ultimately return to where they were produced. Trade flows
represent transactions between countries and trade records generally do not indicate the country that grew
crops, raised, or caught animals. This is because when products are imported and processed (i.e., undergo
“substantial transformation”), they become a product of the processing nation. Therefore, in its raw
format, trade data alone does not allow for production to be directly linked to consumption.

To link consumption to the country of production, we use bilateral trade data and production data in
two ways. For crops and livestock, we build upon the methods from Schwarzmueller and Kastner (2022).
This approach involves constructing an input–output matrix and calculating the Leontiff inverse. This
model does not include aquatic foods, so we combine it with the Aquatic Resource Trade in Species
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(ARTIS) database. ARTIS estimates the species mix in exported products and the processing among
product forms with an optimization model and links the solutions to bilateral trade data. Building upon
these resources allowed us to generate our final dataset that links food consumption with the production
pressures.

2.1. Crop and livestock trade and production data

To determine trade of crops and livestock, we built off the methodologies outlined in Schwarzmueller and
Kastner (2022), first developed in Kastner et al. (2011). These approaches track the production, imports,
and exports of various food items. Data from the Food andAgriculture Organization of theUnitedNations
(FAO) were obtained from FAOSTAT, the FAO’s statistical database, which includes trade (import and
export volume) and production (volume) for each country. There are two separate databases: FAO trade
data only record import and export of a food product from a given country, while production data record
howmuch of a food product is produced in the country. Together, the trade and production datasets allow
one to capture the total flow of goods. Live animal trade was not included in our assessment as it is
complex to track and we did not have data available that captures it.

We used average trade and production values from 2015 to 2019 because trade and production can vary
greatly year to year, with common reporting errors in any given year. An average smooths out this
variation and potential reporting error, providing a more “typical” pattern of trade. Centering our trade
data on 2017 also allowed us to align the trade analysis with the environmental pressures dataset (Halpern
et al., 2022) described below.

Trade data are reported as tonnes of product (e.g., fresh apples, dried apples, apple juice), exported
and/or imported, depending on the item traded. Production data are reported as tonnes of primary product
grown and harvested in a given year. To harmonize these datasets, we converted the trade data into the
primary product units following Schwarzmueller and Kastner (2022), using primary product dry weight
conversion factors from the FAO. For example, using conversion factors we converted the tonnes of wheat
flour traded into equivalent tonnes of harvested wheat traded. Dry matter conversion ratios are used to
convert products into their primary product equivalents through a mass balance conversion. FAO

Figure 1. Conceptual diagram of the analytical workflow. Trade, environmental pressures, and feed
proportion data inputs are represented by the cylinders. The rectangles represent processing steps that
lead to the final data output. The oval represents the final data output.
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commodity conversion factors are not used to avoid adding weight back on to products and in a way
“creating”mass in the conversion step. This avoids double counting for non-aquatic products and allows
us to assign the appropriate production pressures to the product.

The FAO trade and production data could be used in tandem to calculate apparent consumption,
building upon the work from Schwarzmueller and Kastner (2022) and Kastner et al. (2011). Imports,
exports, and production data are process through a trade matrix operation to calculate: “(1) import serving
a country’s consumption, (2) export originating from a country’s production, as well as (3) consumption
originating from a country’s own production” (Schwarzmueller and Kastner, 2022). Equation (1) is a
simplified example of the apparent consumption output generated from this operation. In a few cases
(0.3% of total tonnes in the FAOSTAT data), exports exceed production plus imports due to differences in
production and trade data, or production estimates that arise from converting traded products into primary
commodity products. In these cases, the trade operation produces negative consumption values; we
adjusted these to zero. Because these cases were rare and are generally very small values, this adjustment
has a minimal effect on results.

Consumptioni,c ¼Productioni,c + Importsi,c�Exportsi,c (1)

Equation (1). A simplification of the trade matrix operation from Schwarzmueller and Kastner (2022).
For each item (i), it calculates a country’s (c) consumption of that item.

2.2. Aquatic food trade data

Aquatic food trade data were sourced from theARTIS database, which includes over 2400 species/species
groups from 193 countries, and over 35million bilateral records (Gephart et al. 2024). ARTIS represents a
disaggregation of reported aquatic product trade (e.g., frozen salmon filets) into species/species groups,
with information on wild versus farmed sourcing. Species trade is estimated by modeling each country’s
conversion of wild and farmed production into commodities, conversion of imported commodities
through processing, and apparent consumption. Estimated species mixes and processing of foreign-
sourced products are then connected to bilateral trade data to disaggregate flows of aquatic foods.

Instances where exports cannot be explained by domestic production and imports, or where trade
moves through more than two intermediate countries, produce values in exports of unknown origin,
representing about 8.6% of the total tonnes of aquatic food trade. To assign environmental pressures to
flows of unknown source, we reclassified unknown flows proportionately to each consuming nation’s
known aquatic food sourcing by source country, habitat, method, and species groups. Without this
adjustment, pressures from aquatic foods, which are known to be traded, would be dropped, artificially
lowering the pressures stemming from aquatic food consumption.

To distinguish aquatic food trade and consumption from fishmeal trade and use, we incorporated
information on the production of fishmeal. Fishmeal is “ground dried fish and fish waste used as fertilizer
and animal food” (Merriam–Webster). This was necessary because production data by species does not
distinguish production for direct human consumption from industrial uses, including fishmeal. To do this,
we first calculated total fishmeal production by country based on the FAO processed products data (FAO
Fisheries & Aquaculture, n.d.). We then joined this with each country’s total imports and exports of
fishmeal from ARTIS. Next, we calculated apparent consumption (production + imports - exports or
Eq. (1)). We assume apparent consumption is sourced proportionally from imports and domestic
production, so we calculated domestic fishmeal consumption (Eq. (2)) and foreign fishmeal consumption
(Eq. (3)). For the foreign fishmeal, we then identified sourcing proportionally to each country’s fishmeal
imports. Note that fish oil flows are not included in ARTIS as all co-products are excluded to avoid
double-counting during the conversion to live weight.

Domestic fishmeal consumption¼ production

production + imports
× total consumption (2)
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Foreign fishmeal consumption¼ imports

production + imports
× total consumption (3)

Equations (2) and (3). Calculating how much of fish meal consumption comes from domestic and
foreign fish meal sources.

3. Production pressures data

For the purposes of this analysis, the environmental pressures of food production specifically refer to
within-farm-gate pressures and exclude the pressures from activities like processing, transportation, or
manufacturing equipment (Halpern et al., 2022).We process environmental pressures data primarily from
Halpern et al. (2022), but since that did not include inland aquaculture, we supplement it with data from
Gephart et al. (2021), to generate pressure values per tonne of production for each product and producing
nation. The environmental pressures considered are GHG emissions (CO2eq), freshwater use (m

3), land
use (km2eq), and nutrient emissions (tonnes excess of N and P). Importantly, pressure does not presume
impact, as the translation of pressures into impacts is highly dependent on local context. For example, land
use impacts on biodiversity depend on the ecological context of the land being occupied (see Kuempel
et al., 2020 for details).

3.1. Crops, livestock, marine seafood, and freshwater fisheries data

The environmental pressures of food production have recently been assessed and mapped globally for
most food groups (livestock, crops, wild fisheries, farmed seafood) and countries, covering 99% of total
reported food production (Halpern et al., 2022). Specific pressures assessed and mapped were GHG
emissions, freshwater use, nitrogen and phosphorus (nutrient) pollution, and land/water disturbance, as
well as the cumulative pressure from all four (see Halpern et al., 2022 for full details). Here, we estimated
environmental pressure efficiencies for each country and food product combination by dividing the total
of each environmental pressure generated in each country by each food product by the total tonnes of
production for that product in the country.We recalculated efficiencies (rather than using the total pressure
values from Halpern et al., 2022) to reduce the impacts of any differences in production data and our
source data.

The calculated pressure efficiencies were capped at the third standard deviation from the mean of each
product group (e.g., wheat, cows’meat, etc.) and pressure (e.g., water) to reduce the effect of outliers when
calculating total pressures traded. This capping was done because most of the outliers in the pressure data
were from small-scale production systems, and keeping these outliers would inappropriately skew data
output when multiplied by traded tonnes. For example, the disturbance pressure efficiency for freshwater
fish production in Libya was four times larger than the capped value, while its production data used to
calculate the efficiency totaled less than 1 tonne. The efficiencies that were capped total less than 2%of the
efficiencies calculated from Halpern et al. (2022).

3.2. Freshwater aquaculture

Halpern et al. (2022) did not assess environmental pressures from freshwater aquaculture due to data
limitations that arise when specifically mapping spatial footprints of specific food production. As we did
not need high-resolution, sub-national maps of pressures for flows of pressures among nations, we used
global average values of environmental pressures from GHG emissions, freshwater use, land use, and
nutrient emissions for all freshwater aquaculture species included in the data from ARTIS (Gephart et al.,
2021). The pressure data in Gephart et al. (2021) represent a global average, so here we must assume
environmental pressures per tonne from freshwater aquaculture are the same for every country. Since we
know there is geographic variability in environmental performance, this is a priority for future improve-
ments with better data. Gephart et al. (2021) providemore detailed information on how the environmental
pressure efficiencies of freshwater aquaculture production were estimated.
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Although Halpern et al. (2022) and Gephart et al. (2021) did not use the same methods for calculating
environmental pressures, they considered the same set of pressures and both set the system boundaries as
cradle-to-farm-gate. Environmental pressures for both sets of fish product data are expressed as envir-
onmental pressure per tonne, live weight equivalent.

4. Joining trade and pressures data

The process of connecting production/trade data with per-country pressure efficiency data varied for each
food category, as the process depended on how well the food categories in the trade and pressure data
matched. This process is summarized in Table 1 and detailed further below.

Crop trade and pressures were matched using the Spatial Production Allocation Model (SPAM)
“super” categories from Halpern et al. (2022) and their corresponding FAO groups, as this was the finest
resolution from the pressures data. SPAM is used to map crop production globally and uses FAOSTAT
crop categories to generate these categories (Yu et al., 2020). Examples of crop categories include
individual primary product forms like wheat, banana, or maize. Crop categories also include primary
product aggregates like “vegetables” or “other cereals.” For the purposes of this publication, the “SPAM
super” categories from Halpern et al. (2022) are referred to as SPAM categories. For more information on
SPAM super categories, refer to the supplementary materials of Halpern et al. (2022).

A number of crop categories were not included in these data as they are not considered food for our
purposes, and consequently, there was no associated pressure data (Halpern et al., 2022). The excluded
categories, and their SPAM titles, are other fiber crops (ofib), rest of crops (othr), teas (teas), tobacco
(toba), and coffee (xcof). The FAO items “Mate” and “Chillies and peppers, green” were also excluded
from the crops trade as there was no associated pressure data. Trade data for crops that are included in this
study that did not have country-specific pressure efficiency data, but for which some pressure data existed
for other countries, was gapfilled using United Nations (UN) intermediate region, UN subregion, or UN
region averages of pressures for each food item category. UN regions, subregions, and intermediate
regions were developed by the UN Statistical Division (UNSD) for “statistical convenience and does not
imply any assumption regarding political or other affiliation of countries or territories…” (UNSD—
Methodology, n.d.). 2.6%of total tonnes traded of cropsweremissing an associated pressure and gapfilled
by this process.

Livestock trade and pressures were matched using corresponding names from the FAO and Halpern
et al. (2022), such as cows’meat, buffaloes’milk, and so forth. All egg trade from the FAO was assigned
the pressures for chicken eggs, as no other pressure data were available for eggs from other animals.

Table 1. Summary of how trade and environmental pressures data was joined

Food category Matching key to join pressures and trade Notes

Crops Spatial Production Allocation Model
(SPAM) super categories from
Halpern et al. (2022) and FAO groups

Non-food crops are excluded (e.g.,
tobacco); 2.6% of trade gapfilled
with regional averages

Livestock Halpern et al. (2022) livestock category
names and FAO items

All egg trade assumed to be chicken
eggs; 0.01% of trade gapfilled
with regional averages

Marine seafood, marine
aquaculture, and
freshwater fisheries

Species group names (see
Supplementary Table 1 for details)

1.9% of trade gapfilled with regional
averages

Freshwater aquaculture Species group names (see
Supplementary Table 2 for details)

Values represent global averages, so
no country-matching possible
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As with crops, livestock trade data that did not have country-specific pressures were gapfilled using the
same method. In the end, 0.01% of total tonnes traded of livestock were missing an associated pressure
and gapfilled by this process.

Marine seafood, marine aquaculture, and freshwater fisheries trade data were matched by correspond-
ing species group (see Supplementary Tables 1 and 2 for species groupings). Gapfilling was done for this
group in the same way as for crops. A total of 1.9% of tonnes traded of marine seafood, marine
aquaculture, and freshwater fisheries were missing an associated pressure and gapfilled by this process.
Freshwater aquaculture pressure efficiencies were already aggregated as global averages and were
matched by species grouping. This food category required no gapfilling.

With trade and pressure efficiency data matched, we were able to calculate total pressures per country.
Land, water, nutrient, and GHG pressure totals were calculated by multiplying the total tonnes traded by
its pressure efficiency value for that food item and producing country.

5. Adjusting pressures for feed

To capture the full environmental pressures associated with the production of animal products, we needed
to account for the fishmeal and crops that animal production uses (Figure 2). To do this, we assessed the
proportion of crop and fishmeal used as feed within each country and each animal system. We estimated
these proportions using a combination of FAOSTAT food balances and animal feed consumption
quantities, using the process shown in Figure 3 (Halpern et al., 2022; Schwarzmueller and Kastner, 2022).

5.1. Crop and fish meal proportions used for feed

We used FAOSTAT food balances data to determine a country’s proportion of crops used for feed. To do
so, we first assigned which food groups are used for feed based on data from FAO and Halpern et al.

Figure 2. An example of how feed pressures can be traded and consumed as part of an animal product in
different countries. In this scenario, grain imported from the United States of America (USA) is traded to
Brazil and used either as feed for cows that are grown formeat or for direct consumption (i.e., not as feed).
Once Brazil has grown and slaughtered the cows, they are either eaten in Brazil or traded to Chile for
consumption there. The terminal (final) country is where the environmental pressures from the grain crop
would be attributed.
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(2022). These groups, and the SPAM categories within them, are summarized in Table 2. For the purposes
of these data, all fishmeal trade and production were assumed to be used for feed because the data
available was specifically for products not used for human consumption.

For several crops (e.g., soy), feed comes from both the raw product and the “cake” that remains
after oil extraction. These products are listed separately in the FAO database, and so we summed
all “cake” production (assuming it was all used for feed) with the tonnes of raw product marked
as feed. To estimate the proportion (rather than tonnage) of the crop used for feed, we then
divided this summed value by the country’s domestic supply quantity from FAO Food Balance
Sheets.

On average, across the five feed crop categories, 42% of countries did not have feed data
available from the FAO. For these countries, we calculated averages at the level of UN-designated
intermediate regions and used these to gapfill missing data (see Supplementary Table 3). When
intermediate regions were unavailable, UN subregional, or if unavailable regional, averages were
used to gapfill.

Figure 3. Flow diagram showing how trade and pressures datawere adjusted for feed. In this flowchart we
show how all of the steps described in the “adjusting for feed” section result in the final data output. Data
are represented by the cylinders. The rectangles represent calculation and processing steps that lead to the
final data output, represented by the oval.
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Table 2. Feed category crop group summaries

Feed category SPAM category(�ies) FAO data sourcea

Grains Barl (barley), maiz (maize), ocer (other cereals), rice
(rice), sorg (sorghum), whea (wheat), xmil (millet)

2017 FAO food and commodity
balance data

Oil crops Xoil (other oil crops) 2013 FAO food and commodity
balance data

Palm oil
(kernel)

Oilp (oil palm) 2013 FAO food and commodity
balance data

Pulses Xpul (other pulses) 2017 FAO food and commodity
balance data

Soybeans Soyb (soybean) 2013 FAO food and commodity
balance data

a2013 FAOdatawere used for soy, palm oil, and oil crops because that is themost recent year inwhich data are available from the FAO that breaks down
feed usage for these crops. The FAO changed reporting methodologies in 2013, which affected how some crops’ usage was tracked in their data.

Table 3. Summary of final data output columns

Column name Description

producer_iso3c The food items producing country’s three letter iso3c code as designated by the
International Organization of Standardization.

consumer_iso3c The food item’s consumer country’s three letter iso3c code as designated by the
International Organization of Standardization.

item The name of the food item. For example, grapes, maize, cows_meat,
pulse_feed_for_chickens_eggs, and so forth. There are 249 unique item names.
Items used for the feed of distinct animal systems are labeled as such.

food_group The overarching food group of the food item. There are five food categories: crops,
crop_feed, livestock, fisheries and aquaculture, and fofm_feed. “crop_feed”
includes the crop products used for feed. “fofm_feed” includes the fishmeal
products used for feed.

SPAM_super The “SPAM super” category designated by the crop product from Halpern et al.
(2022). A SPAM_super category has been added for all feed crops and is called
“feed.” This is only relevant to the crop and crop_feed food categories. There are
26 distinct SPAM_super groups and all other categories are filled with NA in this
column as they have no SPAM_super designation.

tonnes_traded The annual average tonnes of that food item traded from the producer to the
consumer during the years 2015–2019.

ghg_traded The calculated total GHG pressure (tonnes CO2eq) from the production of the food
product that was subsequently traded to the consumer country.

water_traded The calculated total water pressure (m3 used) from the production of the food product
that was subsequently traded to the consumer country.

nutrient_traded The calculated total nutrient pressure (tonnes excess of nitrogen and phosphorus)
from the production of the food product that was subsequently traded to the
consumer country.

disturbance_traded The calculated total disturbance pressure (km2eq displaced by agriculture activities)
from the production of the food product that was subsequently traded to the
consumer country.
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5.2. Estimating feed proportions for animal systems using crop and fish meal totals

We next estimated the proportion of the total feed supply of each crop within each country (calculated
above) to each animal production system. As no country-specific data were available on the proportion of
feed used for each system, we estimated these values using the total consumption of each feed category by
each animal system and country. We estimated these totals for all animal systems except for freshwater
aquaculture using data from Halpern et al. (2022).

Freshwater aquaculture was not included in Halpern et al. (2022); therefore, we calculated the total tonnes
of crops and fishmeal used for these systems using estimates of feed makeup for species, feed conversion
ratios (FCR), and tonnes of live weight production for a given species by each country (Eq. 4) (Gephart et al.,
2021). It is assumed that filter-feeding freshwater aquaculture species did not consume additional feed. We
extracted country-specific live weight production data for freshwater aquaculture species from FAO data and
calculated mean production values from 2015 to 2019 for each country. Live weight tonnes of production
were summed for each species grouping for each country.We could then estimate the total tonnes of each feed
component required to generate that production for each country bymultiplying the species-specific FCR by
the production level and the proportion of feed composed of each crop.

Tonnes of  feedc,s ¼
X

live weight productions ×FCRs × feed proportionc,s (4)

Equation (4). Calculating the total tonnes of each crop (c) needed to produce a country’s freshwater
aquaculture production for a given species (s).

The FAO data do not include tonnes of fishmeal used for freshwater aquaculture feed, so instead we
used species-group-specific but global values from Froehlich et al. (2018). The global live weight of
fishmeal used for each species was divided among countries based on the proportion of global production
that a country is responsible for.

We next calculated the proportion of total tonnes of each crop and fishmeal that is used by each animal
system in each country. To do this, we divided the tonnes of the feed category used by an animal by the feed
category total (Eq. (5)). We then combined these feed proportions with the joined trade and pressures data.

Proportionf ,a,c ¼
tonnes of  feedf ,a,cP
tonnes of  feedf ,c

(5)

Equation (5). Calculating the proportion of how much of a feed category (f) is used by a given animal
system (a) for a specific country (c).

5.3. Adjusting traded tonnes and environmental pressures for feed

Finally, to complete the adjustment of pressures to account for feed, we combined the proportion of crop
and fishmeal used as feed within each country and each animal system.We separated the feed crop SPAM
categories (Table 2) and all of the fishmeal trade from the other trade and pressure data. Feed crop import
trade was multiplied by the proportion of that crop used for feed by the crop-consuming country
(calculated in Section 5.1). In the example from Figure 2, this is where we separate the grain imported
from the USA by Brazil for feed and non-feed purposes.

Next, we multiplied the imported crop and fishmeal used for feed by a country by the proportion of that
crop used for each animal system in the country (Section 5.2). This produced the tonnes traded and associated
pressures of each crop and fishmeal used for feed, and how much is consumed by each animal system. In
Figure 2, this iswherewe determine howmuchof the grain used for feed goes specifically toward cow’smeat.

To assign environmental pressures to the animal-consuming country, we estimated the proportion of
each animal system’s trade that came from each producer to each consumer country. The animal system
trade proportions were then multiplied by the total crop consumption and associated pressures used for
feed for each animal system by that country. The final output columns are summarized in Table 3.
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