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Popular scientific summary

e The environmental impacts related to food production and consumption have been assessed

* The paper takes a predominantly global perspective, while discussing the context and implications
across the eight focal Nordic and Baltic countries

* The overarching advice to all eight countries is to shift to a more plant-based dietary pattern

Abstract

This scoping review examines environmental impacts related to food production and consumption in Nordic and
Baltic countries. The overarching advice to all Nordic and Baltic countries, in line with the current body of scien-
tific literature, is to shift to a more plant-based dietary pattern and avoid food waste. Taking into account current
consumption patterns, there is a high potential and necessity to shift food consumption across the countries to
minimise its environmental impact. More specifically, a substantial reduction in meat and dairy consumption and
increased consumption of legumes/pulses, whole grains, vegetables, fruits, nuts, and seeds are suggested as a priority
intervention. Reducing the environmental impacts of seafoods is also key and suggestions include a shift to sea-
foods with lower environmental impacts such as seaweed and bivalves. As part of the suggested transition to a more
plant-based diet, the scope for increasing the provision of plant-based foods through increasing the cultivation of
legumes/pulses, vegetables, and grains and through feed-to-food shifts within the region should be explored.
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he global food system currently exerts substantial
environmental burdens, from harvesting fish and
seafood from nearly every river, lake, and ocean;
using around 50% of habitable land and 70% of avail-
able freshwater; causing major losses of nitrogen and

phosphorous; being the main source of global anthro-
pogenic methane emissions and accounting overall for
around a third of anthropogenic greenhouse gas (GHQG)
emissions — driving biodiversity loss, deforestation, cli-
mate change, and eutrophication of fresh water and
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coastal ecosystems (1-3). On its current trajectory, food
production is likely to cause more losses of biodiversity
and carbon sinks such as forests, and further global tem-
perature rise (4-7). Such impacts are already, and will
increasingly, threaten human health and planetary health.
For example, widespread and rapid changes in the atmo-
sphere, ocean, cryosphere, and biosphere have occurred;
and climate change is affecting many weather and climate
extremes in every region across the globe — causing adverse
impacts to ecosystems and human populations (8).

The planetary boundaries framework brings these major
issues together to assess the current situation in relation to
a set of interrelated and interacting biogeochemical bound-
aries at the global level — limits that if exceeded could result
in large-scale abrupt (and potentially irreversible) ecosystem
and climate destabilisation (9). The limits are based on evi-
dence from earth system science in relation to how much of a
given action or substance can be tolerated at the global level
until regime shifts are likely triggered. Some boundary limits
(e.g. climate) are based on evidence of large-scale (i.e. global,
continental or regional) threshold behaviours, whereas other
boundary limits (e.g. biodiversity and freshwater) are based
on their interaction with sub-global or regional processes
and boundaries. Assessments suggest that 6 of 9 planetary
boundaries have exceeded a safe limit [climate change, land
use change, biodiversity loss, biogeochemical flows (nitrogen
and phosphorus), freshwater and novel entities (including
plastics)] (9-11). A more recent analysis of spatial variabil-
ity in both ecosystems’ sensitivity to nitrogen pollution and
agricultural nitrogen losses found that the aggregated global
surplus boundary for nitrogen is far exceeded by the current
nitrogen surplus (12). Although not without its limitations
(13), or criticisms — including those relating to the difficulty
in defining global ecosystem thresholds for local environmen-
tal impacts (14), the planetary boundaries concept uniquely
and visually provides an understanding and broad framing
regarding key environmental limits within which food systems
should operate, beyond the limited scope of climate change.
We use the planetary boundaries framework in this paper to
explore a range of environmental impacts in a comparative
way across the Nordic and Baltic countries rather than as a
predictive or prescriptive tool, and provide background data
and methodologies to enable comparisons with other mea-
sures of sustainability (see Box 1 and Appendices 1-3). The
difference between countries in terms of impacts should not
be interpreted as a lack of need to reduce impacts in countries
with relatively small impacts or to focus attention solely on
countries with relatively large impacts.

No region in the world is on course to meet the food-
related portion of global environmental targets, indicating
that the global food system is exceeding a safe trajectory to
stay within the planetary boundaries (as indicated in Fig. 1,
where all 2018 impacts are above 100% in each region). In
this test, regional diets in 2010 and 2018 are globally adopted
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and compared to global environmental targets (15). Despite
a pressing need to reduce environmental burdens from all
sectors, global impacts from the food system have increased
by up to 14% over the past decade alone and have contrib-
uted to the exceedance of five global environmental thresh-
olds (15). For example, in 2018, food-related GHG emissions
at the global level exceeded the limit consistent with keep-
ing warming below 2°C by 74% (Fig. 1). Cropland use was
60% above the value aligning with limiting the loss of nat-
ural habitat according to Aichi Biodiversity Targets (SDG
15). Freshwater use exceeded sustainable withdrawals by
over 52% (SDG 6.4). Nitrogen and phosphorus application
exceeded values (by 113% and 67% respectively) that would
limit marine pollution to acceptable levels (as defined in SDG
14.1). Hence, major changes are required across all parts of
the food system. Figure 2 shows the relative proportion of
global environmental impacts from each food type, with beef
accounting for the majority of land use and the largest pro-
portion of GHGs, and grains accounting for the largest pro-
portion of freshwater, nitrogen, and phosphorus use.

It is important to include the environmental impacts
of imports from exporting countries and not limit sustain-
ability considerations to local production as this can skew
‘rankings’ or perceptions of sustainability. For example, the
Sustainable Development Report shows a very different per-
formance score when ‘spillover’ impacts are included in an
overall score that measures the total progress towards achiev-
ing all 17 SDGs and the impact of each country’s actions on
other countries’ abilities to achieve the SDGs. When factor-
ing in spillovers including ‘environmental and social impacts
embodied into trade’, Finland, Denmark, Sweden, and
Norway shift from their top 4 ranking positions globally on
progress towards meeting SDGs to 124, 137, 139, and 146
global rankings respectively (16). The impacts of imports
could differ substantially depending also on agricultural pro-
duction standards in exporting countries, such as nitrogen use
and types of permitted plant protection products. Politically,
however, there could be a preference to import goods as their
environmental impacts are not included in national invento-
ries of importing countries (e.g. in the reporting of national
GHGs under the UNFCCC). Such accounting preferences
are not beneficial in terms of reducing overall environmental
burdens from the food system.

Tackling the planetary health crisis requires extraor-
dinary levels of action across all sectors at an unprece-
dented speed. According to the latest assessment from
the Intergovernmental Panel on Climate Change (IPCC),
‘Rapid and far-reaching transitions across all sectors and
systems are necessary to achieve deep and sustained emis-
sions reductions and secure a liveable and sustainable
future for all’ (8). Taking transformative action this decade,
including in most cases immediate emissions reductions
in all sectors, would not only reduce projected adverse
impacts on humans and ecosystems but would deliver
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Box 1. Environmental data sources and handling methods.

Data on food production, imports, exports, and food supply quantity (kg per person per year) for all 8 countries
are provided in most food group chapters, in Tables 4, 5, 6, 7, 9-15, 16, 17, 19-21, 23, 25, 27, 28, 30, 32, and 33. The
data were sourced from FAOSTAT Food Balance Sheets (FBS) for the year 2019. The FAO provides the following
description: ‘FBS are compiled every year by FAO, mainly with country-level data on the production and trade of
food commodities. Using these data and the available information on seed rates, waste coefficients, stock changes,
and types of utilisation (feed, food, processing, and other utilisation), a supply/utilisation account is prepared for
each commodity in weight terms. The food component of the commodity account, which is usually derived as a
balancing item, refers to the total amount of the commodity available for human consumption during the year.
Besides commodity-by-commodity information, the FAO FBS also provide total food availability estimates by
aggregating the food component of all commodities including fishery products. From these values and the avail-
able population estimates, the per-person dietary energy, protein, and fat supplies are derived and expressed daily.
In the FBS, production data refer only to primary products while data for all other elements also include processed
products derived there from, expressed in primary commodity equivalent’ (23). Food production is reported at the
farm level for crop and livestock products (i.e. in the case of crops, excluding harvesting losses) and in terms of
live weight for fish items (i.e. the actual ex-water weight at the time of the catch). Data are expressed in terms of
dressed carcass weight, excluding offal and slaughter fats. Production of beef and buffalo meat includes veal; mut-
ton and goat meat includes meat from lambs; pig meat includes bacon and ham in fresh equivalent. Poultry meat
includes meat from all domestic birds and refers, wherever possible, to ready-to-cook weight. Per capita supply
figures represent only the average supply available for the population as a whole and do not necessarily indicate
what is actually consumed by individuals. Even if they are taken as approximation to per capita consumption, it is
important to note that the amount of food actually consumed may be lower than the quantity shown in the FBS
supply figures, depending on the degree of losses of edible food and nutrients in the household, for example, during
storage, in preparation, and cooking (24). For this reason, where we use FBS food supply data in this paper, we
refer to it as food supply, rather than food consumption.

Every year, authorities in over 245 countries and territories submit national food and agriculture statistics, as well
as micro datasets collected through farm and household surveys, to FAO. In the FAOSTAT database, national
food supply is estimated as average per capita foods available for consumption based on domestic production
adjusted for exports, imports, and non-food uses. National authorities, who annually supply data to FAOSTAT,
are not required to use standardised methodologies when collecting, categorising and grouping data, which is a
limitation of using FAOSTAT data in country-specific studies.

To analyse the environmental impact of food availability, country-specific data from FAOSTAT are often paired
with comprehensive country-specific databases of environmental footprints or life cycle assessment data that, to
various degrees, include primary production, farmed animal feed requirements, processing, transport, and pack-
aging, and may also consider food loss and waste. These models build on numerous assumptions and theoretical
considerations. Despite commonly held limitations with all types of complex modelling endeavours, the models of
environmental footprints that we refer to in this paper are innovative and represent the state-of-the-art at a level
suitable for providing an indicative assessment of the environmental impacts of food consumption across countries
and cross-country comparisons.

In epidemiological national dietary surveys, 24-h recalls, food records, and Food Frequency Questionnaires are
commonly used as evaluated methods of dietary assessment. In this paper, the country-specific food consumption,
based on such methodologies, is compared to national dietary guidelines in Table 2. However, due to the differ-
ences in methodologies, food consumption data in Table 2 sourced from dietary surveys is not necessarily directly
comparable with food supply data used in this paper, sourced from the FAOSTAT FBS. There are advantages and
disadvantages with both datasets.

In this paper, we use datasets from four analyses to demonstrate the environmental impacts of foods and food
consumption at global, regional, and national levels — and in some cases, how they relate to the food portion of
planetary boundaries: i) Springmann et al. (Nature, 2018), ii) Springmann et al. (BMJ, 2020), iii) Global Nutrition
Report 2021, and iv) Poore and Nemecek (Science, 2018) (2, 14, 17, 25). Food supply corrected for waste (from
FAO FBS) is used as an estimation of food consumption. When interpreting these data, it is important to under-
stand that food consumption estimated from food supply in FBS may vary from the food consumption assessed
by food records or 24-h diet recall methodologies. In relation to i) and ii) above: Springmann et al. (14) and
Springmann et al. (25) used the same environmental footprints and data sources. Country-specific environmental
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Box 1. (Continued)

footprints were calculated by combining national food consumption data with data on country-specific environ-
mental footprints for crop, livestock, and fish production. Specifically, food consumption was calculated from the
FAOSTAT FBS database as country-specific food supply data adjusted for waste (see Appendices 1-3). The envi-
ronmental footprint data were calculated as follows:

o GHG emissions:

«  Data on crop-related GHG emissions were taken from Carlson et al. (Nature Climate Change 2017). Carlson
et al. compiled crop harvest and management data at the national and subnational level from > 15,000 units
in the world, ranging from countries, states, and countries, as well as agricultural data from FAOSTAT
[Monfreda et al. Glob. Biogeochem. Cycles 22, GB1022 (2008) and Ramankutty et al. Glob. Biogeochem.
Cycles 22, GB1003 (2008)]. These data provide a crop-specific national and subnational assessment of how
agricultural management practices interact with biophysical characteristics to generate heterogeneous pat-
terns of resources used for crop production. Country-specific GHG emissions from crops were then calcu-
lated from these data by using standard IPCC Tier | methodology for GHG emissions.

= Data on livestock-related GHG emissions (including feed related emissions) were taken from Tubiello et
al. (Environ. Res. Lett 2013). They compiled a global emissions database with country level details based
on an inventory-based, bottom-up accounting of activity data from FAOSTAT (2012) and GHG emis-
sions using Tier 1 IPCC methodology.

=  GHG emissions from farmed and wild-caught fish were calculated from data on fish production from
Troell et al. (PNAS 2014), Chen et al. (WorldFish Center and Int. Food Policy Res. Inst. 2017) and Troell
et al. (WorldFish Center and Int. Food Policy Res. Inst., 2014) and GHG emissions using IPCC method-
ology (Rosegrant et al., Int. Food Policy Res. Inst, 2017).

o  Country-specific data on cropland and blue water use were adopted from the IMPACT model (Robinson et al.

IFPRI 2015). These data include feed requirements for farmed animals in terrestrial and aquatic systems.

iii): The Global Nutrition Report 2021 uses estimates of food demand calculated from FAO FBS and a database of
country and food group-specific environmental footprints from 1) Springmann et al. Nature 2018 and iv) Poore &
Nemecek. Science 2018 (see Appendices 1-3). Data on food demand for each country from the FAO was paired
with a comprehensive database of environmental footprints, differentiated by country, food group, and environ-
mental impact. The footprints take into account all food production, including inputs such as fertilisers and feed,
transport, and processing, for example, oil seeds to oils and sugar crops to sugars.

In this paper, we use data/analyses from i) Springmann et al., 2018 (14) (Nature, 2018), ii) Springmann et al., 2020
(25), and iii) Global Nutrition Report 2021 (17), in Figs. 1, 2, 3, 5, 7, 10, 16, 21, 23, 25, and 29 (see Appendices 1-3).
These data represent food consumption (not food supply). Figures 5, 7, 10, 16, 21, 23, 25, and 29 were created using
data on planetary boundary impacts for each of the eight countries from the GNR 2021 excel sheet (tab ‘country
environment’) (17). Figure 3 was created using supplementary information from Springmann et al., 2020 (25)
available at https://www.bmj.com/highwire/filestream/1031038/field_highwire_adjunct_files/2/sprm054404.ww3.
xIsx. The Excel sheet (‘global targets’ tab) contains an overview of the country-level results in terms of current
food consumption and various dietary shift scenarios in relation to planetary boundaries (25).

iv): Most of the food group chapters contain environmental impact data for relevant foods from Poore and
Nemecek 2018 (2). Figures 4, 6, 8, 20, 22, 24, 26, 28, 30, and 32 are drawn from Figure S13, which provides the pro-
portion of GHG emissions, acidification, and eutrophication by stage of the supply chain by product. The supply
chain in this dataset begins with the extraction of resources needed to produce inputs for agricultural production,
the initial impact of choice by farmers, and ends at the retail store, the point of choice for consumers. The data set
covers ~38,700 commercially viable farms in 119 countries and 40 products representing ~90% of global protein
and calorie consumption. It covers five important environmental impact indicators: land use; freshwater withdraw-
als weighted by local water scarcity; and GHG, acidifying, and eutrophying emissions. Land use was calculated
from inverse yield and occupation time. Occupation time is reduced by multiple cropping but increased by fallow
requirements. Land use is seed, on- and off-farm arable and permanent crops, fallow land, temporary pasture, and
permanent pasture. GHGs are CO,, CH,, N,O to air, using IPCC ARS 100-year factors with climate-carbon feed-
backs. Acidification is SO,, NH,, NOX to air, and eutrophication is NH,, NOx to air, NO, —, NH, +, P, N to water;
both using CML2 Baseline for characterisation factors (26). Freshwater withdrawals and scarcity-weighted fresh-
water withdrawals are both irrigation, drinking, pond, and processing water. These five environmental impacts are
provided per kg of retail weight in most food chapters, in Tables 3, 8, 13, 18, 22, 24, 26, 29, 31, and 34 (drawn from
supplementary data file (aaq0216_datas2.xls), using mean quantities from tab ‘results — retail weight’ (2)).

4

Citation: Food & Nutrition Research 2024, 68: 10539 - http://dx.doi.org/10.29219/fnr.v68.10539

(page number not for citation purpose)



http://dx.doi.org/10.29219/fnr.v68.10539
https://www.bmj.com/highwire/filestream/1031038/field_highwire_adjunct_files/2/sprm054404.ww3.xlsx
https://www.bmj.com/highwire/filestream/1031038/field_highwire_adjunct_files/2/sprm054404.ww3.xlsx

Sustainable food production and consumption in the Nordic and Baltic region

. Greenhouse gas emissions O Cropland use O Freshwater use O Nitrogen application . Phosphorus application

700%

600%

400%

300

Percentage of planetary boundary value (%)

200%

100

2010 2018 2010 2018 2010 2018 2010 2018 2010 2018 2010 2018 2010 2018

World Northern Oceania Latin Europe Africa Asia
America America

The line above which planetary boundaries are exceeded |

Fig. 1. Global sustainability test comparing impacts of the food system with five global environmental targets'
Source: Global Nutrition Report 2021 (17 )? The analysis utilises country-specific food consumption and environmental footprint

data and relates them to the food portions of global environmental targets that is a global test to assess the impacts if everyone
in the world consumed at the given rate. The methods and data are described in Box 1 and presented in Appendices 1-2.
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Fig 2. Environmental impacts of the global food system by type of impact and food group as a proportion of total impact

Source: Global Nutrition Report 2021 (17). The analysis utilises country-specific food consumption and environmental footprint
data. The methods and data are presented and described in Box 1 and Appendix 2.

' Based on estimates of food demand from the Food and Agriculture Organization of the United Nations and a database of country and food group-specific
environmental footprints. The target values for sustainable food production that would be in line with Sustainable Development Goals were specified by and

adapted from the EAT-Lancet Commission. Note: In this test, regional diets in 2010 and 2018 are universally adopted and compared to global environmental
targets. Source: Ref. (15)

2 Notes: Planetary boundaries define the threshold related to global environmental processes beyond which humanity should not go. Planetary boundaries
align with the targets for sustainable food production as set out by the Sustainable Development Goals. If globalised impacts exceed 100% of the planetary
boundary, the dietary pattern can be considered unsustainable in light of global environmental targets, and disproportionate in the context of an equitable
distribution of environmental resources and mitigation efforts. The methods and data are described in Box I, and presented in Appendices [-2.
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many co-benefits, especially for human health. Taking
such actions in the near-term typically requires a range
of enabling policies to provide high up-front investments
and lessen potentially disruptive changes (8). Transforming
food systems is a critical part of meeting planetary health
goals. A substantial departure from business-as-usual
expectations is required, and a shift in the roles and respon-
sibilities of public sector actors versus businesses in shap-
ing dietary demand (18). This is even more apparent if
taking into account safe and just earth system boundaries
(ESBs) that minimise humans’ exposure to significant harm
from Earth system change (by comparison, the PBs iden-
tify only safe biophysical boundaries). A recent analysis at
global and sub-global scales found that seven of eight glob-
ally quantified safe and just ESBs and at least two regional
safe and just ESBs in over half of the global land area are
already exceeded. Ensuring human well-being thus requires
systemic transformations across energy, food, urban, and
other sectors. Addressing the drivers of Earth system
change is also required (including the economic, technolog-
ical, and political), together with an increased understand-
ing of the role of justice, economics, technology, and global
cooperation in creating a safe and just future (19).

This paper is the result of an expert elicitation devel-
oped as a collaboration between the Nordic Nutrition
Recommendations (NNR)2023 project, Chatham House,
and Nordic and Baltic scientists. Helen Harwatt, Chatham
House, is lead author, and led the project with Tim Benton,
Chatham House, as co-author. The contributing experts
(JB, RB, BEB, KAB, CvD, ME, MG, TH, MH, AH, JM,
BvO, MS, ET, and OC)) have given significant scientific
input relevant to the local context, while the members of
the NNR Committee (RB, ET, TH, ME, and AH) have
ascertained that the content is relevant to and within the
scope of the NNR project. This paper, in addition to sev-
eral additional papers and other major reports, will assist
the NNR Committee when formulating science advice to
the authorities.

Aims of the paper

This paper examines environmental impacts related to
current food production and consumption from the per-
spective of identifying problems and solutions. Because
demand and supply are inextricably connected, for use-
ful context we provide an overview of food production
(including imports and exports), and consumption in
relation to each major food group. We take a predomi-
nantly global perspective, while discussing the context
and implications across the eight focal Nordic and Baltic
countries (Denmark, Finland, Iceland, Norway, Sweden,
Estonia, Latvia, and Lithuania). The global perspective
is mostly relevant to high-income country settings, such
as those across the Nordic and Baltic region. An over-
view of environmental sustainability considerations is

(page number not for citation purpose)

provided for each food group within the Nordic Nutrition
Recommendations (NNR), from these two perspectives
(global and regional). From this assessment, we provide
guidance for reducing the environmental impacts of food
consumption. We identify considerations for reducing
environmental impacts in each food group; however, the
overarching consideration is to reduce the absolute envi-
ronmental burden at the food system level, and where
possible to reduce the absolute environmental impacts of
food groups while recognising that some need to increase
(e.g. fruits and vegetables) to cover nutritional needs and
improve population health. The provision of prescrip-
tive and detailed advice for each individual country is
beyond the scope of this paper, as are recommendations
on achieving sustainable food production. Similarly,
we are aware that some of the focal countries place an
importance on self-sufficiency in terms of food produc-
tion, and a number of analyses have explored its prospects
(20-22). While it might be possible to meet both environ-
mental and self-sufficiency targets in some contexts and
countries, self-sufficiency is not synonymous with sus-
tainable food consumption. Also, for some countries (e.g.
Iceland), growing enough food to feed the entire country
is not a realistic option, even if it was desirable from an
environmental sustainability perspective. The complexity
of reconciling self-sufficiency goals with national diets
and environmental sustainability from the perspective of
planetary boundaries is beyond the scope of this paper.

Research approach

Both between and within the countries, it is difficult to
fully consider the great variation in agricultural structure
and production, topographic and climate conditions, and
land use (20). Given this consideration, combined with the
unavailability of a comprehensive dataset on the spectrum
of environmental impacts of food types consumed in the
Nordic and Baltic region (e.g. biodiversity impacts across
all food groups), we approached this assessment partly as
an expert elicitation to ensure that the rich body of existing
data on environmental impacts of foods and diets could be
best interpreted within the context of the Nordic and Baltic
region, and hence, within the project constraints, the con-
tents would be as relevant as possible to the NNR2023. We
collected input from 20 regional experts through a series
of three workshops and via multiple reviews of the manu-
script. The workshops were used to discuss the paper and
its content in detail, and environmental sustainability issues
within the region of relevance to the NNR food groups,
including those global in scope, with focussed breakout ses-
sions on meat, dairy, fruits and vegetables, pulses, fish and
seafood, and ultra processed foods. The experts also con-
tributed a range of specialist knowledge in relation to envi-
ronmental impacts of food production and consumption
across the region during three subsequent reviews of the
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paper. A workshop with all co-authors was also convened
before the paper went to the public hearing. To maximise
the confidence of our recommendations, in addition to the
expert elicitation method, we draw from existing analy-
ses and reviews from the scientific literature and refer to
research conducted in the Nordic and Baltic region.

The 20 regional experts (see acknowledgements) were
appointed by the NNR2023 Committee based on a pub-
lic call and after careful evaluation of each expert’s com-
petence and experience. To supplement the call, experts
were also recruited after invitation from the NNR2023
Committee and from Chatham House. A fair distribution
of experts among the Nordic and Baltic countries, in addi-
tion to experts with global competence, was sought when
appointing experts. In addition, experts were recruited to
bring a wide range of specialist knowledge from different
research areas. While the input of the regional experts is
highly appreciated, the final text in this paper is the sole
responsibility of the authors.

Background information regarding food production
and consumption in the eight focal countries is provided
in Section 1, in addition to the aspects of environmental
sustainability that apply across food groups and can there-
fore be considered as more general in application. Section
2 provides an overview of environmental sustainability
considerations from a global and regional context for each
NNR food group that we consider to be most significant
in terms of consumption and environmental sustainability.
Section 3 provides an overview of environmental sustain-
ability considerations from a global and regional context
for each NNR food group that has less overall environmen-
tal impact as a proportion of total diets compared to the
focal food groups in Section 2, but which are still consid-
ered. Section 4 provides key considerations for the environ-
mental sustainability of food consumption in Nordic and
Baltic countries. Given the urgency of tackling a range of
environmental issues, including climate change, we focus
on options that have potential to reduce environmental
impacts substantially in the immediate to short term, with-
out reliance on supply side technologies currently under
development, or not yet in widespread use. Hence, we focus
our guidance on demand side shifts in consumption.

Data sources for food availability, food consumption,
and environmental impacts of food

The environmental analyses of food used in this paper rep-
resent the best available sources to demonstrate the impacts
of food consumption in consistent units of analysis at the
aggregate level across a range of food groups and across
the Nordic and Baltic countries. As with all models that are
analysing aggregate level data and impacts, the estimates
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provide an indication of impacts and a relative comparison
between countries, foods, and food groups. They do not
calculate the impacts of food production at the granular,
detailed level within countries that is specific amounts of
the numerous foods produced using a number of specific
agricultural techniques. Hence, the environmental impact
data presented in this paper do not constitute a national
food system assessment that might consider the detailed
impacts of food production and consumption.

All models for country-specific environmental footprint
of foods, food groups, and food systems have specific data
sources and handling methods. In Box 1, we describe data
sources and handling that constitute the basis for the
main environmental analysis and impact data used and
cited in this paper.

Section |: Background context

Food production in the Nordic and Baltic countries
All 8 countries use varying amounts of land area for agri-
culture. Denmark uses the largest proportion of land for
agriculture (66%), followed by Lithuania (48%), Latvia
(32%), Estonia (23%), Iceland (19%), Finland (7%),
Sweden (7%), and Norway (3%).> There are some large
variations in terms of land used for agriculture across the
8 countries (Table 1). In all countries except Iceland and
Norway, the largest proportion of agricultural land is used
for temporary crops (defined by the FAO as crops with a
less-than-one-year growing cycle, which must be newly
sown or planted for further production after the harvest).

Sweden has the largest area of farmland under organic
production (613,964 ha), and Estonia has the largest
share of total farmland under organic production (22%),
followed by Sweden (20%), Latvia (15%), Finland (13%),
Denmark (11%), Lithuania (8%), Norway (5%), and
Iceland (0.4%) (28). Except for Iceland and Norway, all
countries are part of the European Union, which has a
goal as part of its farm to fork strategy for every mem-
ber state to have a minimum of 25% of agricultural land
under organic production methods by 2030 (29). Member
states can go beyond this target.

In some countries, temporary pastures and meadows
occupy much greater areas in comparison to permanent
pastures and meadows, as shown in Table 1. As a com-
parison to the total area under permanent pastures and
meadows, Denmark uses 2.5 times more land for tem-
porary pastures and meadows, Finland uses 33 times
more, Norway 2.7 times, and Sweden 2.4 times (Estonia,
Iceland, Latvia, and Lithuania all use less land for tem-
porary pastures and meadows compared to permanent

* Calculated by dividing agricultural land area by total land area for each country, multiplied by 100 (2019 data on land use: https//www.fao.org/faostat/
en/#data/RL). Land area is defined in the FAOSTAT as:'Country area excluding area under inland waters and coastal waters!
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Tuble 1. Agricultural land use by country and type (2019) (27)*

Cropland® (1,000 ha)

Land under permanent

meadows and pastures®

Permanent Temporary Temporary meadows (1,000 ha)*
crops’ crops® and pastures’
Denmark 233 1794.4 524.6 206.7
Estonia 7.0 500.0 180.0 292.0
Finland 5.0 1237.0 786.0 24.0
Iceland ok 5.0 115.0 1751.0
Latvia 9.0 999.6 2634 632.0
Lithuania 35.1 1886.4 2585 728.0"°
Norway 31 3182 482.5 179.1"
Sweden 34 1320.7 1084.5 461.3

*Unless indicated by a footnote, land area under permanent meadows and pastures was not disaggregated into ‘cultivated’ and ‘natural growing’. ** Data

missing or unavailable in the FAOSTAT database.

pastures and meadows) (Table 1). In other analyses (i.e.
not including the FAOSTAT used in Table 1), some of
the land area used for food production in the Nordic and
Baltic region is categorised as semi-natural grassland —
this is usually an area of land cleared of native forest
and maintained as low productivity grassland through
farmed animal grazing on a proportion of native vegeta-
tion species and cultivated species. One estimate indicates
that such areas tend to be much smaller than those used
for permanent grazing, and also smaller than the areas
used for temporary grazing. Sweden has the largest area
of semi natural grassland, occupying an area equivalent
to 10% of its total agricultural land — and potentially
more than twice the area used for permanent grazing
(30). However, the process of defining semi-natural hab-
itats and assigning them to land use classes in national
registers differs among the Nordic and Baltic countries
(30), and as the FAOSTAT database does not include

semi-natural pastures as categories of agricultural land,
or natural growing permanent pastures and meadows for
every country, it is not possible to obtain comparable land
areas or food production outputs for such lands. Hence,
we do not include semi natural grasslands as a category in
our table of agricultural land (Table 1).

Additional food production and supply data (includ-
ing imports and exports) from the FAOSTAT database in
relation to each food group and country are provided in
each major food group chapter, in as much detail as pos-
sible taking into account the limitations of data collection
and availability (see Box 1 for more information on data
sources and handling).

Food consumption in the Nordic and Baltic
countries

The mean daily consumption of selected food groups
for adults derived from national dietary surveys in the

* Land Use 2019. FAOSTAT. https://www.fac.org/faostat/en/#data/RL. For an overview of agricultural land use types in the FAOSTAT, see Figure |:Land use
statistics and indicators (fao.org)

® Land used for cultivation of crops.The total of areas under‘Arable land’ and ‘Permanent crops’. Arable land is the total of areas under temporary crops, tem-
porary meadows and pastures, and land with temporary fallow. Arable land does not include land that is potentially cultivable but is not normally cultivated.

¢ Land used permanently (five years or more) to grow herbaceous forage crops through cultivation or naturally (wild prairie or grazing land). Permanent
meadows and pastures on which trees and shrubs are grown should be recorded under this heading only if the growing of forage crops is the most im-
portant use of the area. Measures may be taken to keep or increase productivity of the land (i.e. use of fertilizers, mowing or systematic grazing by domestic
animals.) This class includes: * Grazing in wooded areas (agroforestry areas, for example) * Grazing in shrubby zones (heath, maquis, garigue) * Grassland in
the plain or low mountain areas used for grazing: land crossed during transhumance where the animals spend a part of the year (approximately 100 days)
without returning to the holding in the evening: mountain and subalpine meadows and similar; and steppes and dry meadows used for pasture.

7 Land cultivated with long-term crops which do not have to be replanted for several years (such as cocoa and coffee), land under trees and shrubs pro-
ducing flowers (such as roses and jasmine), and nurseries (except those for forest trees, which should be classified under ‘Forestry’). Permanent meadows
and pastures are excluded from land under permanent crops.

¢ Land used for crops with a less-than-one-year growing cycle, which must be newly sown or planted for further production after the harvest. Some crops
that remain in the field for more than one year may also be considered as temporary crops for example asparagus, strawberries, pineapples, bananas and
sugar cane. Multiple-cropped areas are counted only once.

? Land temporarily cultivated with herbaceous forage crops for mowing or pasture. A period of less than five years is used to differentiate between tem-
porary and permanent meadows and pastures.

10 Of which 626,000 ha are cultivated and 102,000 are natural growing.
"' Of which 20,000 ha are cultivated and 159,100 are natural growing.
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Tuable 2. Current food consumption (g/adult/day) per country and food group'

Denmark Estonia  Finland Iceland Latvia Lithuania Norway Sweden NNR2012 advice*
Cereals# 218 130 211 22,183 223 259 190  Depends on wholegrain content
Bread 138 71 92 8l 184 87
Whole grains 54 56 68 42 Increase (replace refined cereals)
Fruits and berries** 184 217 162 98 146 161 178 128 Increase
Vegetables** 199 145 184 114 216 185 155 176 Increase
Pulses™¥¥ | 6 13 5 17 4 12 Increase
Potatoes 92 94 74 72 105 67 88 -
Fish and seafood# 37 25 32 45 31 28 67 39 Increase
Total meat# 161 8l 145 17 178 140 147 110
Red meat 134 44 105 82 88 89 119 90  Limit
Pig meat 87 28 7 85 Limit
Poultry 27 19 39 35 49 49 28 22 -
Dairy (without cheese) 304 266 397 245 195 119 314 245 Replace with low fat types
Cheese 44 17 41 42 9 12 44 25 Replace with low fat types
Eggs 24 22 24 20 35 28 26 14 -
Nuts$ 5 4 8 6 5 5 5 Increase

'References for Table 2: Denmark: (34) 18-75 years, n = 3,016. Estonia: (35) 18-74 years, n = 2,713. Finland: (36) 2574 years, N = 3,099. Iceland: (37)
18-80 years, N = 1,312. Latvia: Latvian National Dietary Survey (2007-2009), N = 1,377. Latvia: (38). Lithuania: (39) (2013-2014), N =2,513.

Norway: (40) 1870 years, N = 1,787. Sweden: (41) 18-80 years, N = 1,797.

*Qualitative advice from NNR 2012 (Table 1.1) (32).

**The food group ‘Fruits and berries’ does not include juice, while ‘Vegetables’ includes pulses, but excludes potatoes.

*dry weight, # The food group Cereals contains both food ingredients and prepared foods such as bread (for Denmark also cakes and biscuits). Meat and
fish are reported in raw weight, except sausages, cold cuts, and canned/smoked fish products.Total meat includes red meat and poultry — both uncooked
and processed. Red meat and poultry in Estonia do not include processed meat. Red meat in Latvia does not include sausages. $ incl. seeds — if not included

in bread.

Nordic and Baltic countries is presented in Table 2. The
intakes differ between countries and also within coun-
tries, with large variances as described by Warensjo
Lemming and Pitsi (31). Although differences between
countries might be due to differences in the definitions
of the food groups, and also that the years and meth-
ods of data collection differ (between 2007 and 2020),
the countries share not only similarities but also dif-
ferences in food preferences (31). The current Food
Based Dietary Guidelines (FBDGs), which focus on
population health outcomes, vary more or less between
the countries when it comes to specific amounts or
frequencies, but in general, all are partly based on
the NNR 2012 (32). None of the Nordic countries
are close to full adherence of their FBDGs. The sur-
veys in different countries were conducted over a long
period of time (2007-2022) and might not be accurate
reflections of current intakes. The observed intakes
may have been influenced by changing food markets
(31). In Denmark, for example, intake of whole grains
has increased considerably compared to the amounts
shown in Table 2 (33).

Food consumption in relation to environmental sustainability
targets

From an environmental sustainability perspective, the
impacts of current diets in each of the Nordic and Baltic
countries mostly exceed the levels that would be required
to meet a range of global targets related to GHG emis-
sions, cropland use, blue water use, nitrogen use, and
phosphorus use (Fig. 3). A value above 1 (indicated by
the red dashed line) exceeds the environmental target (or
is consistent with the target being exceeded in future)
and can be considered disproportionate in the context
of an equitable distribution of environmental resources
and mitigation efforts, and in effect, represents a coun-
try outsourcing its responsibility towards fulfilling the
target (17),'"* whereas a value or 1 or less is consistent
with remaining inside planetary boundaries. For exam-
ple, these calculations indicate that, if everyone in the
world consumed the same average diet (indicated by
‘benchmark’) as currently consumed in Iceland, the food
related component of the global GHG target (consistent
with keeping warming below 2°C) would be exceeded
by more than 5-fold. Shifting to current FBDGs would

"2 Where consumption data is unavailable, the space in the table has been left empty.
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Fig 3. Impacts of current (benchmark) diets and adopting current national dietary guidelines in relation to the food-related
portions of global environmental targets: by country and environmental metric.'?

Source data: Springmann, M, Spajic, L, Clark, MA, Poore, J, Hertforth, A, Webb, P, Rayner, M, Scarborough, P. The healthiness
and sustainability of national and global food-based dietary guidelines: modelling study (25). The analysis utilises country-spe-
cific environmental footprints described in Box 1 and Appendices 1-3.

mostly improve the outcomes, but not enough. For
example, if everyone in the world consumed the FBDG
from 2013 for Denmark, the food related component of
the global GHG target (consistent with keeping warm-
ing below 2°C) would still be exceeded by almost 4-fold
(Fig. 3). Hence, not only are current consumption pat-
terns largely incompatible with global environmental tar-
gets, but current FBDGs could also be improved to align
with global environmental targets. It should be noted
that some of the environmental impacts demonstrated in
Fig. 3 occur in exporting countries, as the data represent
consumption in the Nordic and Baltic countries.
Despite the varying approaches to assessing the environ-
mental sustainability of current and future dietary patterns,
the common conclusion is that environmental impacts gen-
erally decline as the amounts of animal products in the diet
also decline — with vegan diets having the smallest environ-
mental impacts, and diets highest in products from rumi-
nant animals (cows, sheep, and goats) having the largest
environmental impacts (2, 6, 14, 25, 43-51). This conclu-
sion is also supported by systematic literature reviews (52—
54) and original studies from the Nordic countries (55-58).
Production locations and methods and food selection may

add some nuance, for example, in terms of the importance
of blue water use related to some imported vegetables,
fruits, and nuts in some of the Nordic countries (59). The
comparative approaches of the various dietary analyses of
environmental impacts (i.e. Life Cycle Assessment, thresh-
olds and systems) are described in the previous paper in
this series and hence will not be described again here (13).
In this paper, we focus exclusively on the environmen-
tal sustainability aspects of individual foods within food
groups, and not dietary patterns. A combined assessment
of nutritional aspects and environmental aspects of dietary
patterns is considered in an upcoming paper of the series,
where nutritional adequacy is assessed in the context of a
whole diet rather than individual foods or food groups (60).

General points across the food groups

A number of general, cross-cutting points apply across the
foods and food groups and are therefore described in the
following sections to avoid repetition in the food chapters.

Factors shaping environmental impacts
Environmental impacts are influenced by location
and production methods, which can be determined by

"* The target values for sustainable food production are in line with the Sustainable Development Goals specified by and adapted from the EAT-Lancet

Commission (25, 42).

> National Dietary Guideline year and country used in Figure 3: Denmark, 2015; Estonia, 2015; Latvia, 2008; Lithuania, 2018; Finland, 2014; Sweden, 2015;
Iceland, 2014; Norway, 2014.The methods and data are described in Box |, and presented in Appendices |-3.
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national contexts and policies (e.g. whether irrigated/rain-
fed, fertiliser types and amounts, plant protection types
and amounts, land clearance, mono/poly cultures, crop
rotations, manure management, tillage), processing (e.g.
slaughter, cooking), packaging, and transportation (which
can include refrigeration) type and distance (e.g. freight
by road, rail, sea, or air). Hence, there can be significant
variation in environmental impacts within the same food
product depending on different practices and choices,
primarily during production. For example, per unit of
food production, due to their higher energy requirements,
trawling fisheries and recirculating aquaculture can result
in three times more GHGs than non-trawling fisheries
and non-recirculating aquaculture; due to lower macronu-
trient densities and digestibility of feeds used in grass-fed
systems, grass fed-beef requires more land and tends to
emit more GHGs than grain-fed beef; and, in comparison
to open field production, greenhouse production can have
lower land requirements, higher yields, but almost three
times higher GHGs (depending on heating and lighting
usage and energy source) (61). However, the greatest dif-
ferences in terms of environmental impacts tend to occur
between foods and food groups, regardless of production
practices (2). For example, in terms of GHGs, land use,
energy use, acidification potential, and eutrophication
potential, ruminant meats can have impacts 3-10 times
higher than other animal-based foods and 20-100 times
higher than plant-based foods on a per unit of weight
basis (61).

The denominator used to express environmental
impacts of a food can influence interpretation. For exam-
ple, due to their high protein content, tree nuts, oils,
pulses, rice, soybeans, and wheat are more efficient when
measured by protein rather than energy, whereas cassava
and sugarcane are more efficient by energy rather than
protein content (1). While food waste is a major issue
globally that must be addressed, it is not covered in this
paper as it is assumed to be a known problem that applies
across food types.

Technology

We are aware that there are numerous technologies
designed to decrease the environmental impacts of agri-
culture, including livestock production. For example,
several initiatives designed to reduce the environmental
impacts of ruminant meat production are underway in the
Nordic countries and elsewhere, including feed additives
to reduce methane emissions and improved manure man-
agement. Technologies under development include cell
culture and precision fermentation. For example, micro-
bial proteins (62) could provide environmental benefits
compared to animal-based proteins, and recombinant
proteins synthesised by microbes could reduce environ-
mental impacts compared to milk (63) and egg white
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proteins (64). Cell-culturing technologies can also be
explored as a way to produce fats synthesised by microbes
(65). While such technologies are all likely necessary to
some extent, they are insufficient to deliver the scale and
pace of transformation needed to meet planetary health
goals — this necessitates changes in food consumption,
and reducing food loss and waste (6, 14). Therefore, we
concentrate our assessment on consumption shifts that
are achievable in the short term [with appropriate reshap-
ing of markets and political and public support (66)].

Supply side interventions

While the majority of environmental impacts of a food
group or product often occur during the production (on
farm) stage, there can be options for reducing impacts
throughout the supply chain, including the processing
and transport stages of the life cycle (67). For example,
reducing GHGs from transport through improved load-
ing logistics and reducing packaging amounts. In most
food chapters, we demonstrate the variation in impact
type and where it occurs along the supply chain for a
range of foods. However, we assume that options for
reducing the environmental impacts of production, pro-
cessing, and transport (such as precision agriculture and
other technological approaches) apply across the food
groups and will therefore not necessarily be discussed in
each individual food group. Existing technologies that are
not currently implemented uniformly across food produc-
tion include precision agriculture. Precision agriculture, a
method used to apply inputs in a direct rather than diffuse
way in appropriate amounts at the correct times, could
be important for minimising inputs such as nitrogen and
water use. The environmental benefits of increasing input
efficiency through such technologies would be greatest in
the least efficient systems (61).

Minimising environmental impacts in a relative way, for
example, per unit of food produced, does not necessarily
equate with environmental sustainability — an assessment
will still be required to ensure the impacts of production
are consistent with environmental goals. In addition,
impacts will increase if relative impacts are reduced but
absolute impacts increase due to an increase in produc-
tion. Ultimately, while reducing environmental impacts
throughout the food supply chain is necessary, this alone
cannot achieve the absolute reductions required at the
system level to align with environmental goals. Changing
the types and quantities of food grown and consumed is
also necessary (6).

Production methods

Using crop rotations and intercropping are considered
important aspects of more environmentally sustainable
food production, and directly overlap with sustainable
food consumption in some cases. For example, combining
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grains and pulses during production and consumption is
beneficial for farming practices and human health (67,
68). Conservation tillage and cover cropping, particularly
with nitrogen-fixing crops, reduces the requirement for
nitrogen inputs and increases fertiliser input efficiency by
reducing nutrient loss from agricultural systems (61).

Organic food production can result in beneficial out-
comes, including higher levels of associated biodiversity
in comparison to non-organic production (69-72). For
example, on-farm and near-farm biodiversity tends to
be higher in organic agricultural systems, likely a result
of lower fertiliser, herbicide, and pesticide use as well as
through creating a more diverse landscape (73). In addi-
tion, the use of manure as fertiliser can promote higher
soil organic carbon in organic systems. However, due to
land use and land clearing requirements, applied on a
large spatial scale organic agriculture would likely have a
net negative impact on biodiversity and soil organic car-
bon (61). Therefore, while a shift to organic production at
the global level could provide sufficient food availability, it
is only feasible with a reduction in food waste and a shift
to mostly plant-based diets to accommodate higher land
use requirements [due to a reduction in yield, which is 34%
lower when conventional and organic systems are most
comparable (74)] without extending agricultural area (70).

Comparing the environmental impacts of conventional
and organic food production at a local scale, a meta-anal-
ysis of Life Cycle Assessments (LCAs) found that, per
unit of food produced, organic systems have higher land
use requirements and eutrophication potential, lower
energy use (due to less reliance on synthetic fertiliser, and
pesticides), and no difference in GHGs and or acidifica-
tion potential. The differences are largely a result of dif-
ferences in nutrient management. Manure (which organic
systems largely depend on for nitrogen) releases nutrients
in response to environmental conditions rather than crop
nutrient demand, which can reduce nutrient assimilation
by plants, and lead to reduced growth and yields — in turn
increasing land use requirements. Nutrients not taken up
by plants can also result in eutrophication and acidifica-
tion (61). However, there are techniques that can halve
the land use difference between organic and conventional
systems, including rotational farming, cover cropping,
multi-cropping, and polyculture (61).

For some products, the difference in environmental
impacts between organic and conventional production is
relatively small, for example, GHGs from potatoes (75)
and land use requirements for legumes and perennial
crops (61). However, yield can be substantially lower in
organic production — and can be further lowered if large
portions of the harvest is lost or rejected (e.g. if it does not
conform to certain size, appearance or shape standards,
or due to higher vulnerability to pests and diseases). For
example, organic banana plantations give around 50%
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lower yield compared to conventional production (75).
Variety can also have an impact — for example, specialist
varieties of tomato can have three times higher GHGs per
kilogram of product than conventional varieties due to
lower yields (75).

The solution might not be so simple as ‘organic or con-
ventional’ or ‘pesticides or no pesticides’. Intercropping,
agroforestry, and integrated pest management could play
important roles — although the evidence for how this
would operate in the Nordic region, with cold tempera-
tures, needs to be further explored (76, 77). Crop rotations
with brassicas to sanitise soil for cereals are considered
important — but more knowledge about crops is needed, to
identify which grow best together and which crop rotations
are most successful — taking into account the practicalities
for food producers that is establishing what can actually
be grown. The choice between organic and non-organic
also relates back to the choice of, or weighting of, metric.
For example, organic farming has more benefits for biodi-
versity [e.g. underground biodiversity (78)] — but requires
more land to produce the same amount; therefore, wide-
spread uptake of lower-yielding, but nature-positive
farming, requires commensurate changes in dietary com-
position (70). It is likely that a sustainable food system will
need to integrate the benefits of conventional, organic,
and other agricultural systems (61, 66).

Location and context

Due to a lack of comprehensive datasets on the environ-
mental impacts of food production or consumption for
each of the Nordic and Baltic countries for the range
of foods covered in this paper, to demonstrate the envi-
ronmental impacts of the foods within the NNR food
groups, we used a global dataset of food LCA that has
standardised boundaries to indicate a range of environ-
mental impacts per unit of food production (2) (see Box 1
for more details on data usage).

The spatial distribution and concentration of different
pressures related to food production vary on land and
in aquatic environments. A recent analysis found that
while global impacts of food production on habitat dis-
turbance, GHGs, nutrient pollution, and freshwater use
are dominated by land-based animal agriculture (with the
greatest burden from pig meat closely followed by cattle
meat), an estimated up to >10-fold variation in cumula-
tive environmental efficiencies exist among countries for
many livestock, fisheries, and crop products. For exam-
ple, the efficiency of producing the same crops can vary
4-18 times among countries due to differences in water
consumption, fertiliser/pesticide use, and farming prac-
tices. Similarly, efficiencies for marine fisheries vary up
to 22-fold among countries depending on the specific
species fished and equipment used within a country (1).
Therefore, finer-scale analyses are useful to identify where
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environmental pressures are located and how the envi-
ronmental efficiency of production might vary among
regions. Spatial cumulative footprint assessments explore
where and how much each type of food contributes to
food’s total environmental footprint. The impacts depend
on what is being displaced (e.g. forest, wetlands), the sen-
sitivity of systems to specific pressures, and local biophys-
ical and socioeconomic conditions (1). For example, if
food production is spatially located in areas with the most
suitable climatic and soil conditions for a crop, this can
increase agricultural input efficiency and decrease envi-
ronmental impacts but may have implications for how far
food is transported (61).

Another issue related to location and context is the
use of agricultural wastes and by-products as animal
feeds, which has the potential to reduce the environmen-
tal impacts of livestock production by 20% (61) — but is
dependent on food safety/environmental regulations in
each country or location.

Biodiversity impacts

Generally, biodiversity can be considered as a broad con-
cept that includes diversity at the genetic, species, and eco-
system level, and is an essential component of functional
ecosystems. The available comparative data for LCA used
in this paper does not incorporate metrics for the impact
of production on biodiversity, partly because different
studies are highly heterogeneous in what they assess as
‘biodiversity’, and partly because of very significant con-
text- and scale-dependency. For the former, different tax-
onomic groups (birds, plants, insects, and microbes) may
respond very differently to field-, farm-, and landscape
drivers. For the latter, there are significant geographic and
climatic effects that constrain a farm’s biodiversity, which
interact with the nature of the surrounding landscape to
determine what may be found there and how agricultural
practices may impact (3, 66). Biodiversity impacts are
therefore difficult to measure and indicators and metrics
largely rely on value judgements (e.g. depending on which
species or landscapes are considered of most value to
humans), and the availability of a baseline comparison.
The decisions around conservation or protection of cer-
tain species could differ depending on the values of the
decision maker/s.

Farming impacts biodiversity in different ways and is
very complex to assess at the system level and more so at
the product level, making comparisons with other environ-
mental metrics difficult. Monocultures reduce biodiversity
both in terms of crop types, and by limiting the types of
habitats and food availability needed to support a diverse
range of wildlife (3). Areas where the same crops are grown
every year lack the beneficial decontaminating effects of
crop rotations, resulting in an increased requirement for
plant protection products. Monocultures at a landscape
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level can have a range of impacts, including on the fauna
and flora (73). For some crops, genetic diversity within the
crop itself is important for reducing disease, for example,
potatoes (75). Producing food with less pesticide use would
be positive for biodiversity. Since the 1950s, pesticide use
has had major impacts on soil and above ground biodi-
versity. Across Europe, pesticide and fertiliser use has been
identified as the main pressure for bird population declines
across the vast majority of common birds — especially
invertebrate feeders but also farmland species, long-dis-
tance migrants, and woodland birds (79). Taking a cau-
tious approach and applying pesticides and fertilisers only
when absolutely necessary could help — via precision agri-
culture methods, for example. However, to maximise biodi-
versity gains, it is important to provide the necessary space
and habitat for wildlife in the landscape — reducing the use
of pesticides and fertilisers alone will not be sufficient (3).

That biodiversity is not covered in the LCA data pre-
sented in the food groups is not to detract from its local
and global importance. Biodiversity underpins a wide
range of supporting and provisioning ecosystem services
(from soil fertility, carbon storage, pollination, and nat-
ural pest control) as well as having cultural and social
value. Across Europe — and globally — wildlife has been
in significant decline for decades, and the bulk of this is
caused by agriculture interacting increasingly with climate
change (80). Reducing the demand for, and pressure on,
land through changing the composition of diets may allow
more environmentally beneficial farming systems to be
adopted, and help to protect and restore globally import-
ant carbon and biodiversity repositories (3, 4, 67, 81). The
Kunming-Montreal Global Biodiversity Framework (82)
was adopted in December 2022 (including by all eight
Nordic and Baltic countries). The framework contains
23 targets for 2030, a number of which have significant
implications for food production and consumption and
could thus raise the political importance of such issues in
the coming years.

Section 2: Focal food groups

This section contains a chapter for each of the following
NNR food groups: cereals; vegetables, fruits, and berries;
pulses (legumes), fish, fish products and seafood, meat
and meat products, milk and dairy products, and eggs.

NNR Food Group 3: Cereals

Global context

Globally, maize is the type of cereal produced in the
largest quantity (1,162 million tonnes (mt)), followed by
wheat (761 mt), rice (757 mt), barley (157 mt), oats (25
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Fig 4. Proportion of environmental impacts from different life cycle stages: Cereals (global) (2).
Table 3. Average environmental impacts per kg of retail weight: Cereals (global) (2)
Land use Greenhouse gas emissions  Acidifying emissions  Eutrophying emissions Freshwater
(m?/kg) (kg CO,eq/kg) (2 SO,eq/kg) (8 PO, eq/kg) (Likg)
Wheat & Rye (bread) 39 1.6 13.4 72 648
Maize (meal) 29 1.7 1.7 4.0 216
Oatmeal 7.6 2.5 10.7 1.2 482
Rice 2.8 4.5 272 35.1 2,248

mt), and rye (15 mt) (83). In terms of use, cereals are a
major source of livestock feed. Currently, 42% of global
cereal production is dedicated to feeding farmed animals,
which alone uses 43% of global cropland (2). As a propor-
tion of global production, animal feed currently accounts
for 17% of wheat, 4% of rice, 56% of barley, 61% of oats,
46% of rye, and 59% of maize production (84). It should
be noted that the ratio of cereals allocated to farmed ani-
mal feed versus direct human food is not uniform each
year — variations can occur due to, for example, weather
conditions and fertiliser prices.

Across the impacts shown in Fig. 4, most impacts for
cereals occur during production that is on farm. Maize
has the most land-use change associated with production,
followed by wheat and grains.’® All impacts from losses
are very similar across the cereals.

Under business-as-usual food consumption and
expected population growth to 2050, the absolute environ-
mental impacts of cereal production will increase, even if
the efficiency per unit of production improves. For exam-
ple, it has been estimated that a further two- to three-fold
increase in nitrogen (N) supply will be required to support
global food production for the anticipated population of
~9.7 billion by mid-century. Synthetic N applied to cereal
production (wheat, rice, and maize) accounts for more
than 50% of the total fertiliser used globally for crops.
Three countries consume more than half of this amount
across the three cereals: China (22.7%), India (18.5%),
and the US (14%) (85). However, there is substantial scope
to reduce N use, given that only 35% of the 115 million
tonnes of N applied annually to crops is actually taken up

'> Grains are an average of wheat, maize, oats, and flooded rice. From figure capt
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by them (the remaining 75 million tonnes of N, or ‘excess
N’ discharges into the surrounding environment including
waterways and atmosphere). Excess N varies significantly
by region, with China having the largest share (33% excess
N) of the global total, followed by India (18%) and the
US (11%) (86, 87). Applying N in the correct quantities,
at the correct time and in the correct place is an important
method for reducing excess N. Such precision agriculture
techniques can be assisted with the use of technology, and
also require training and knowledge among farmers.

In terms of individual crops/products, maize meal
tends to have the lowest environmental impacts across
the cereals shown in Table 3, particularly in relation to
freshwater use. Paddy rice has the highest GHG footprint,
which is primarily a result of methane emissions from
waterlogged rice fields during the production stage. The
majority (80%) of global rice production is cultivated in
waterlogged fields, which are either irrigated or rainfed.
While rice can be grown in dry conditions, the yield is
much lower in comparison (around 33% of the yield from
paddy rice) (75, 88).

Substituting one cereal for another with lower environ-
mental impacts could be an option for improving environ-
mental sustainability outcomes. However, the intended
use is important to consider. For example, where high pro-
tein and/or gluten content is required (e.g. wheat for bread
making and pasta), this characteristic would need to be
matched. In terms of environmental impact, high protein
content tends to be associated with high application of
N fertiliser (75) — although not necessarily if grown with
legumes due to their nitrogen fixing properties (67, 68).

ion for SI13in (2).
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Thus, it might be more appropriate to consider alterna-
tive food products rather than seek like-for-like replace-
ments. Another potential option is to grow cereals in
rotations with legumes to benefit from their biological N
fixation and in turn reduce reliance on synthetic N fer-
tiliser (i.e. obtained through the Haber-Bosch process)
(85).

An expansion of cereal production is not inevitable,
even taking into account the expected growth in the
human population. The major route for reducing all
environmental impacts of cereals is in conjunction with
a shift to more plant-based diets (particularly in high- and
middle-income countries), thus reducing the amount of
cereals required for farmed animal feed. The demand for
animal feed is partly a result of high levels of livestock
production, but largely due to the inefficiency of con-
verting crop nutrients to animal products. For example,
an analysis based on US production estimated that to
deliver 1 calorie of beef for human consumption requires
37 calories of plants, 1 calorie of pork requires 12 calories
of plants, 1 calorie of chicken requires 9 plant calories, 1
calorie of eggs and 1 calorie of dairy each require 6 plant
calories (89). Global averages for protein feed conversion
efficiency (i.e. the % of protein in feed converted to pro-
tein in product) range from 4% for beef to 25% for eggs.
The equivalent range for calories (i.e. the % of energy in
feed converted to energy in product) is 2% for beef and
24% for whole milk (90). At the global level, 36% all cal-
ories produced from crops are fed to farmed animals with
only 12% of those calories returning as livestock products
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for human consumption, such as meat and milk (91) -
equating to a loss of 32% of all crop calories produced
due to this conversion process (92). The world’s croplands
could potentially feed billions more people by shifting
from animal feed to producing food for human consump-
tion (87). It would also be important to reconfigure crop
production, to enable human edible crops to be grown in
place of animal feed crops. It has been estimated that by
taking this approach in the US (i.e. replacing feed crops
with healthy alternatives for human consumption, such as
legumes, whole grains, fruits, and vegetables) could feed
an additional 350 million people without increasing the
cropland area (93).

Nordic and Baltic context

Figure 5 shows the variation in terms of impacts of cereal
consumption across the Nordic and Baltic countries and
how they relate to global environmental limits for food
consumption. For example, if everyone in the world ate
the same amount of cereals as Lithuania it would use
over 70% of the global nitrogen amount allocated to food
consumption.

Denmark is the biggest grain producer of the Nordic
and Baltic countries, followed by Sweden and Lithuania
(Table 4). Grain production is sufficiently high to satisfy
national consumption in every country, except Iceland
and Norway, where there is some reliance (a strong reli-
ance for Iceland) on imports to meet demand. Lithuania
and Latvia are the largest exporters of cereals, followed
by Denmark. It should be noted that production amounts

Nitrogen Phosphorus

gases

Iceland M Lithuania M Latvia B Norway M Sweden

Fig. 5. Impacts of cereal consumption across the Nordic and Baltic countries in relation to the food portion of global environ-

mental limits (%).

Source: Global Nutrition Report 2021 (17). The analysis utilises country-specific food consumption and environmental footprint
data and relates them to the food portions of global environmental limits that is a global test to assess the impacts if everyone in
the world consumed at the given rate. The methods and data are described in Box 1 and presented in Appendices 1-3.
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Table 4. Cereal production and supply across the Nordic and Baltic countries in 2019 (84)

Country Production (1,000 tonnes) Imports Exports Balance* Food supply
(1,000 tonnes) (1,000 tonnes) (1,000 tonnes) (Kg/personlyear)
Denmark 9,518 1,348 1,822 9,044 118
Estonia 1,630 165 1,162 633 96
Finland 4,036 327 716 3,647 119
Iceland 8 103 0 11 80
Latvia 3,163 861 3,223 801 115
Lithuania 5,252 796 4,298 1,750 147
Norway 1,324 885 41 2,168 124
Sweden 6,148 1,087 1,552 5,683 110

*The amount remaining for national use taking into account production, imports and exports (balance = production + imports — exports).

Table 5. Cereal allocation to animal feed and direct human food
across the Nordic and Baltic countries in 2019 (84)

Feed Food Feed as % of

(1,000 tonnes) (1,000 tonnes) total supply'®
Denmark 6,791 683 75
Estonia 315 127 50
Finland 2,149 659 59
Iceland 44 27 40
Latvia 505 219 63
Lithuania 963 405 55
Norway 1,103 670 51
Sweden 2,662 1,102 47

and import demand is not uniform each year — instead,
annual variations can occur.

Lithuania is the biggest wheat producer, followed
by Denmark and Sweden. Denmark is the biggest pro-
ducer of rye, followed by Sweden and Latvia. Finland
is the biggest producer of oats, followed by Sweden and
Denmark. Denmark is the biggest producer of barley, fol-
lowed by Sweden and Finland. Lithuania is the biggest
producer of maize, followed by Denmark and Sweden.
None of the countries currently produce rice {FAO, 2020
#64}. Globally, Finland and Sweden are within the top
10 largest oat producers (4th and 10th respectively), and
Denmark is the 4th largest producer of rye.

In every country except Estonia, Iceland, and Sweden —
more than half of cereal supply is used to feed farmed
animals, and in every country animal feed accounts for
a substantial share of cereal supply. Allocation is highest
in Denmark which uses 75% of cereal supply for farmed
animal feed, followed by Latvia (63%) and Finland (59%)
(Table 5).

Given that animal feed occupies a large proportion of
supply in every country coupled with the general need to
reduce livestock production and consumption of animal
products, there is scope to explore reducing overall cereal

¢ Percentage of total national supply as shown in Table 4 under ‘balance’.
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supply and/or reallocating supply from animal feed to
human food for direct consumption. Depending to some
extent on local conditions and cropping systems, it might be
possible for all countries to shift supply of cereals from feed
to food. Table 6 describes the relationship between cereals/
grains used as feed and that used as human food. The larger
the number the larger the proportion of cereals used for feed
compared to use for food. For example, in Lithuania 114
times more oats are used for farmed animal feed compared
to human food. The feed used to food supply ratios shown
in Table 6 could guide the exploration, taking the size of the
cereal food supply in Table 7 and the production in Table 4
into account. The option to shift cereal supply to human
food for direct consumption would depend on the quality/
grade of the cereal. Where the grade is not high enough for
human consumption, there could be potential to increase
the grade during production with additional resources, that
might include skills and training for cereal producers.
Wheat is by far the main grain consumed in each
country, followed by rye — except for Iceland where more
rice and oats are consumed in comparison to rye, and in
Norway where more oats and rice are consumed in com-
parison to rye. In comparison to wheat and rye, there is
generally a relatively low consumption of oats and bar-
ley across the countries (Table 7). Hence, there could be
potential to increase the consumption of oats and barley
in most if not all countries. Increasing/shifting to barley
consumption could be a way to improve the environmen-
tal sustainability of cereals given that barley generally
has the lowest environmental impacts across a range of
metrics (substantially lower for some metrics, e.g. fresh-
water use) (Table 3). While the current availability of
freshwater across the 8 countries is generally not a lim-
iting factor for food production, it is possible that some
recently observed conditions (e.g. drought) could inten-
sify in frequency and magnitude in the future due to the
impacts of climate change. Also, the subsequent impacts
(e.g. low availability of hydro power and high export
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Tuable 6. Feed to food supply ratio across the Nordic and Baltic countries in 2019!7

Sustainable food production and consumption in the Nordic and Baltic region

Wheat Rye Barley Rice Oats Maize Cereals, other

Denmark 6.8 8.5 - 0.2 8.8 10.6 61.0
Estonia 3.0 0.5 16.1 0.0 32 1.0 27.0
Finland 0.7 0.0 21.6 0.0 36.6 - 1.9
Iceland 0.8 - 4.9 0.0 0.0 - -

Latvia 1.5 0.8 4.1 0.0 15.6 14.5 2.6
Lithuania 0.5 1.5 - 0.1 114.0 101.0 49.6
Norway 0.4 2.7 387 0.0 35 - -

Sweden 1.0 0.0 - 0.0 214 32 713

- Data unavailable to make the calculation.

Table 7. Cereal food supply (not including cereals produced for feed) across the Nordic and Baltic countries in 2019 (kg/person/year) by cereal type

Wheat Rye Barley Rice Oats Maize Cereals, other
Denmark 85 18 0 5 4 5 0
Estonia 55 16 5 3 5 10 3
Finland 79 26 5 5 3 [
Iceland 71 | 4 3 0
Latvia 62 25 18 3 3 | 4
Lithuania 113 15 14 3 0 | |
Norway 102 3 3 5 12 0 0
Sweden 87 10 2 6 2 2 0

leading to high energy prices) could increasingly impact
food production. Shifting a portion of oats and barley
currently used for animal feed to human food for direct
consumption could particularly benefit Iceland which
is currently dependent on cereal imports to meet supply
(Table 4), in turn helping to increase consumption of such
cereals and potentially reducing import dependency.

Exploration of new crop options/reintroductions such
as quinoa and millet could emerge as local growing con-
ditions change and opportunities to cultivate different
crops arise. For example, quinoa is now grown in Finland,
quinoa and chickpeas are now grown in Denmark, and
there is potential to resurrect millet production. There is
scope to learn from similarly positioned countries that
have experience growing such crops on a commercial
scale (e.g. the UK {BBC News, 2014 #207}). Breeding
of locally adapted varieties and development of locally
applicable cultivation practices are also needed to support
the production.

Considerations for reducing environmental impacts of cereal
consumption in Nordic and Baltic countries

From the overview of cereal production, consumption,
and trade provided in this section, we identify a number
of opportunities to explore as potential ways to reduce
environmental impacts of the cereal food group:

Opportunities with major benefits:

Cereals have among the lowest relative impacts,
from an environmental sustainability perspec-
tive, which makes increased consumption an
option for increasing environmental sustainabil-
ity of diets. Increased consumption of whole
grains is in general recommended for humans
based on health evidence, including for nutrient
supply such as fibre (32, 94).

Shifting portions of animal feed to direct human
food if possible (differences in cereal quality
need to be determined and adjusted if needed,
and crop reconfiguration to best support human
health might be required) would allow cereal/
grain consumption to increase, without increas-
ing production (and the associated environmen-
tal impacts) and would need to be supported by
a reduction in animal agriculture (see chapter 8§).
Increase the proportion of cereals grown using
less environmentally damaging methods (assisted
by an overall reduction in cereals grown for ani-
mal feed). This could include organic methods
(or similar), and increasing and improving crop
rotations with legumes to reduce the require-
ment for synthetic N (20). Precision agriculture
techniques could further reduce ‘excess nitrogen’

"7 Calculated from total feed amount in 2019 divided by total food amount in 2019, using FBS data.
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Fig 6. Proportion of environmental impacts from different life cycle stages: Vegetables, fruits and berries (global) (2).'

and other key resource requirements, including
water.

Opportunities with relatively minor benefits:

*  Explore new crop options and reintroductions (such
as millet). As local growing conditions change, more
opportunities to cultivate different crops might arise.

*  Explore differences in environmental impacts from
locally (i.e. within each country), regionally (i.e. within
the eight countries) and internationally sourced cereals to
potentially identify further options for reducing environ-
mental impacts, taking into account potential changes
in environmental conditions and increasing occurrence
of environmental shocks. Environmental impacts of
imported cereals might vary depending on the types and
amounts of pesticides and fertilisers that are permitted
in the country of origin, the methods of production such
as intensive farming with tilling versus no till and organic
(or similar) methods, and the conditions in the country
of origin such as water shortages and soil degradation.
Trade stipulations might be a useful tool for reducing the
environmental impacts of imports.

NNR Food Group 4:Vegetables, fruits,
and berries

Global context

At the global level, in terms of fruit, bananas are cur-
rently produced in the largest quantity (118 mt), followed
by oranges (114 mt) and apples (87 mt). In terms of

vegetables, potatoes (which are considered a separate food
group in the NNR context) are produced in the largest
amount (370 mt), followed by casava (300 mt) and toma-
toes (180 mt) (84). Approximately 10% of global potato
production and 30% of cassava production are used as
farmed animal feed (84).

Figure 6 demonstrates the proportion of environ-
mental impacts associated with different fruits and veg-
etables throughout their product life cycles. For some
products, the production stage accounts for the majority
of impacts, for example, brassicas and cultivated berries,
while for other products and impacts, other stages are
more important, for example, transport of bananas in
relation to GHGs. Citrus production has the largest car-
bon sequestration benefits (through tree growth) per unit
of product, followed by apples and bananas.

Root vegetables (including potatoes) and onions gen-
erally have the lowest environmental impacts per unit of
weight, particularly in comparison with salad vegetables
such as tomatoes. Root vegetables (including potatoes)
and onions can be most easily stored, with relatively small
inputs and little waste. In terms of fruits, apples and citrus
tend to have the lowest associated environmental impacts,
and also store well (Table 8).

There are a range of factors that influence the envi-
ronmental impacts of fruits and vegetables. Production
practices can vary highly within products and even
within countries (e.g. use of pesticides and fungicides
varies significantly even across EU countries). The
scale of production (from small holder to industrial
level) can have a significant influence. Generally, larger
scale production has higher yields and more efficient

'® Note — tomatoes are fruits but are grouped here with vegetables as they are most commonly consumed as a vegetable.
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Tuable 8. Average environmental impacts per kg of retail weight: Vegetables, fruits, and berries (global) (2)

Land use Greenhouse gas emissions  Acidifying emissions Eutrophying emissions Freshwater

(mkg) (kg CO,eqlkg) (g SO,eqlkg) (g PO, *eqlkg) (L/kg)
Potatoes 0.9 0.5 39 3.5 59
Cassava 1.8 1.3 34 0.7 0
Tomatoes 0.8 2.1 17.2 7.5 370
Onions & leeks 0.4 0.5 3.6 32 14
Root vegetables 0.3 0.4 29 1.6 28
Brassicas 0.6 0.5 8.2 5.0 19
Citrus fruit 0.9 0.4 4.0 22 83
Bananas 1.9 0.9 6.4 33 115
Apples 0.6 0.4 35 1.5 180
Berries & grapes 24 1.5 12.3 6.1 420

production, which can be used as a metric of envi-
ronmental impact per unit of production (but not on
biodiversity). However, that is not always the case and
is potentially short-term if, for example, soil degra-
dation prevents the maintenance of such yield levels.
For example, highly mechanised production, such as in
orange groves, can increase fuel use and GHGs, and
a high application of synthetic fertiliser can result in
pollution of nearby waterways.

Some crops are typically produced under a certain
method. For example, bananas, citrus, and tomatoes are
largely produced in intensive monoculture plantations
for the export market, which have a range of associated
issues such as use of herbicides to remove other vegeta-
tion from the land (leading to soil erosion and run-off),
and larger requirements for plant protection prod-
ucts (such as chemical pesticides) and fertiliser. Potato
production tends to involve more intensive soil tilling
compared with other crops, which releases GHGs and
reduces soil organic matter content, making organic fer-
tilisers particularly important for crop rotations involv-
ing potatoes (75).

In general, more chemical plant protection products are
used in the production of fruits and vegetables than other
types of agricultural production (in terms of per hectare
and kg of harvested product), and tend to be higher in
intensive fruit and berry production compared with veg-
etables (75). While pesticide use is mostly concentrated
during the production stage, for some fruits it is also
applied at other stages, for example, fungicides applied
to bananas for transportation, and some are applied to
the soil, for example, soil disinfectant for strawberries
to prevent mould. Production in warmer locations can
also require higher levels of pesticide application. Some
crops require plant protection to enable sufficient yields,
for example, fungicides are applied to control potato
blight (75). Hence, yields from organic potato production
are significantly lower — potentially up to 50%. The use
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of climate-controlled greenhouses can reduce pesticide
requirements, as can crop rotations (which can also help
reduce the occurrence of potato blight) (75).

In comparison to outdoor production, greenhouses can
produce greater quantities of food on a smaller area over
a shorter time period. Food production in greenhouses
can also reduce the reliance on having land available with
appropriate soil quality, which is a limiting factor in some
locations, for example, Norway, and can be more efficient
with respect to water use. There can be substantial differ-
ences due to production methods, even with greenhouse
production. For example, GHGs from organically pro-
duced tomatoes can be 40% higher due to a reduced yield
in comparison to conventional production (everything
else being equal in terms of energy to heat and light the
greenhouse) (75). A major trade off compared with out-
door production is the energy requirements for heating
(and lighting and sometimes cooling) the greenhouse and
the subsequent GHGs (995), versus a greater requirement
for plant protection products outdoors. However, this
trade off could be reduced if renewable energy sources or
waste heat are used to power the greenhouse — or with
greater energy efficiency — or if crops with lower demands
for heating/cooling were cultivated. In addition, food pro-
duction in greenhouses generally requires less resource
input in the form of fertiliser and pesticides compared to
outdoor production (96) and can protect crops to a cer-
tain degree from climate extremes, thereby reducing crop
losses in extreme weather events.

The impacts related to harvesting, processing, and
losses incurred during the life cycle stages can also vary
substantially. For example, higher levels of waste result
from consuming orange juice compared to whole oranges.
The types of equipment used during harvesting can also
be important — for example, energy use in apple produc-
tion tends to be highest where hydraulic ladders/platforms
are used. Minimising losses during storage is particularly
important (97).
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Fig. 7. Impacts of fruit and vegetable consumption across the Nordic and Baltic countries in relation to the food portion of

global environmental limits (%)

Source: Global Nutrition Report 2021 (17). The analysis utilises country-specific food consumption and environmental footprint
data and relates them to the food portions of global environmental limits that is a global test to assess the impacts if everyone in
the world consumed at the given rate. The methods and data are described in Box 1 and presented in Appendices 1-3.

While the environmental impacts of transport tend to
account for the smallest portions of overall impact, the
proportion of overall impact can be more significant
for fruits and vegetables compared to animal products,
for example. In general, transport via rail and sea is less
impactful compared to air and road freight; however,
the actual impacts of all types of food also depend on
travel distance, load, and requirements for refrigeration.
Seasonal consumption of locally produced fruits and
vegetables can help to reduce the requirements for longer
distance transport of fruits and vegetables with a short
shelf life, and/or that require refrigeration. For some
crops, it is possible to extend the season through selection
of multiple varieties, for example, strawberries that fruit
at different times, in turn reducing import requirements.
Conversely, where growing conditions are particularly
challenging, importing fruits and vegetables such as toma-
toes, lettuces, and cucumbers from warmer regions could
be the lower-impact option in terms of GHG emissions,
for example, if the full life cycle is considered (i.e. not just
comparing the transport impacts). For other impacts,
such as water and pesticide use, production in the Nordic/
Baltic countries could be more sustainable than imported
products.

Nordic and Baltic context

Figure 7 shows the variation in terms of impacts of fruit
and vegetable consumption across the Nordic and Baltic
countries and how they relate to global limits for food
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consumption. For example, if every country in the world
consumed the same as Estonia, it would use 30% of the
global limit in terms of nitrogen allocated for food con-
sumption. Given that the consumption of this food group
needs to increase across the Nordic region, reducing the
environmental impacts of fruits and vegetables would
be beneficial, particularly in relation to nitrogen use and
pesticides.

Generally, there is significant potential to increase
fruit and vegetable production across the Nordic region
(including Iceland). In terms of fruit — the production
of apples, pears, cherries, currants, and plums could
potentially be increased. Strawberries, raspberries, bush
blueberries, buckthorn, and other berries grow well in
the local climate. The potential to harvest more wild ber-
ries might be substantial (most wild berries in Norway,
Finland, and Sweden (98) are unpicked, e.g.). However,
there are no data on the amount of wild berries that are
accessible and could be harvested sustainably, the poten-
tial consumer demand for wild berries, or the poten-
tial impact on wildlife that might utilise the berries as
a food source. Incentivising the harvest of wild berries
could also be difficult (some countries such as Finland
currently rely on seasonal labour from migrant work-
ers) — but there is potential to link this with health and
recreation activities rather than having a sole purpose
of food harvesting. Wild herbs and plants such as net-
tles might also have some potential within the region.
Root vegetables, including potatoes and brassicas could
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be increased. The main limitations across the region are
availability of arable land, a short growing season and
the need for a long storage period (with methods that
reduce losses). Despite this, there are estimates to sug-
gest that in Norway, under crop rotations and optimal
use of agricultural soils, vegetable production could be
increased by around five times and potatoes could be
increased by around seven compared to current produc-
tion levels (99).

Increasing climate-controlled greenhouse produc-
tion could reduce the requirement for plant protec-
tion, and help to overcome limits of outdoor fruit
production across the region (96). However, energy
use could become an issue but this could evolve if
the input from renewable energy sources increases
and the energy efficiency of climate-controlled GHG
production improves, making greenhouse production
more viable (although reducing energy demand over-
all rather than replacing all fossil fuel energy with
renewable sources should be a key step). Energy and
food prices have been identified as important variables
in the Norwegian context, and the provision of gov-
ernment support (investment, electricity costs), that
is not unlike other aspects of government support
(e.g. import protections; subsidised livestock produc-
tion) to enable adoption (100-103). Iceland already
uniquely benefits from substantial climate-controlled
greenhouse production, facilitated by geothermal heat
and hydropower (104).

Identifying the extent to which increasing crop diver-
sity and agroforestry can reduce pesticide use and improve
other environmental sustainability outcomes requires
more study across the region. Based on a number of trial
farms in Sweden, it could be viable to implement agro-
forestry to grow nuts, berries, and fruits in agricultural
systems (105).

There is a good potential for rain-fed agriculture in the
Nordic and Baltic region, with some possible requirement
for irrigation during the summer season. While there are
currently no major water stress issues in the Nordic and
Baltic countries, there are several other considerations
regarding increasing fruit and vegetable production. An
increase in labour would be required, particularly for
methods such as spatial intercropping on a small scale.
Proximity to markets and/or processing facilities could
be important for some crops, and profitability for farm-
ers could be an issue. Competition with cheaper imported
products, lack of agreement between producers and
retailers, and toll barriers are also an issue — for exam-
ple, domestic production needs to compete with imported
products. The variation in trade support could therefore
influence crop types. Also identified as important in the
Nordic context is the preservation of certain types of food
(from a normative or cultural perspective), which could
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play a role in influencing the viability of different crop
types. There are some important locational perspectives,
such as the policies to take peatland out of agricultural
production in Denmark, Norway, and Finland. Although
policy effectiveness is in turn a large determinant of
whether such locational considerations impact food pro-
duction — for example, a law to prevent peatland conver-
sion in Norway has been found to be largely ineffective
(1006).

Currently, all Nordic and Baltic countries have a
substantial dependency on imports to meet domestic
demand for fruits and vegetables. For some countries,
such as Iceland, a high dependency has been placed on
air freight. Increasing consumption of vegetables and
fruits is necessary to obtain healthy and sustainable
plant-rich diets, and this requires either an increase in
local production, a change in consumption (i.e. to eat
more seasonally available products), an increase in
imports, or a combination of those factors. There could
be a cultural expectation among consumers to con-
tinue importing food in large proportions to maintain
purchasing possibilities (such as strawberry availability
during the winter), and to see a continuation of current
land use nationally (such as high levels of forest cover),
rather than more conversion to agriculture. One possible
factor that might help to maintain such expectations is
that the environmental impacts of imports are not seen
or experienced directly by consumers in importing coun-
tries. However, this should be contrasted against con-
cerns regarding preparedness for trade disruptions and
resilience to environmental shocks. Some level of domes-
tic food security considerations should be integrated into
food system planning, to avoid an expectation among
rich nations that they will always be able to ‘buy them-
selves out of food supply problems’. Such considerations
could also be extended to imported supplies — for exam-
ple, decreasing imports from water-scarce regions (e.g.
in Spain) and regions that are likely to become water
stressed.

Given the various trade-offs and variation in
impacts, identifying which crops or production meth-
ods or locations are ‘best’ for environmental sustain-
ability depends on the metric or metrics given most
weight — which might be determined, for example,
by a pressing environmental issue such as drought,
or a value judgement. There is a lack of knowledge
about the production systems and their environmen-
tal impacts for imported fruits and vegetables, which
further complicates the process. Including issues, such
as social impacts, in addition to environmental sus-
tainability could also change the weighting/priority
order. Furthermore, considering production systems
over the long term is also important — for future gener-
ations and to account for environmental changes. For
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Table 9. Fruit and berry production and supply across the Nordic and Baltic countries in 2019 (84)

Country Production Imports Exports Balance Food supply

(1,000 tonnes) (1,000 tonnes) (1,000 tonnes) (1,000 tonnes) (Kg/person/year)
Denmark 47 546 157 436 60
Estonia 4 103 5 102 75
Finland 31 420 14 437 73
Iceland 0 31 0 31 87
Latvia 17 184 76 125 49
Lithuania 42 345 213 174 47
Norway 33 397 2 428 77
Sweden 41 824 91 774 59
Table 10. Fruit and berry food supply across the Nordic and Baltic countries in 2019 (kg/person/year) (84) by fruit type

Other fruits Bananas Oranges Apples Grapes Pineapple
Denmark 22 I 10 3 7 3
Estonia 21 14 15 16 5 2
Finland 21 18 16 9 4 3
Iceland 28 9 14 13 5 3
Latvia 17 I 9 4 2 |
Lithuania 15 8 I 6 2 |
Norway 22 15 17 13 5 2
Sweden 21 7 16 7 3 2

example, climate change is expected to shift pest and
disease ranges suggesting that future farming systems,
and crop suitability, will change in the Nordic region.
More frequent periods of drought could enhance water
pollution and create water scarcity issues. Therefore, a
focus on groups of fruits and vegetables that are more
resilient to climate and environmental shocks, and
store well (such as potatoes and apples) could be most
appropriate.

Fruits and berries

All countries have a substantial dependency on imports
to meet domestic fruit and berry supply. Lithuania is the
least dependent on imports, with a 4-fold ratio of produc-
tion compared to balance (taking into account imports
and exports) (Table 9).

For all countries, other fruits (a group which includes
pears, quinces, apricots, cherries, peaches, plums, straw-
berries, raspberries, gooseberries, currants, blueberries,
melons, figs, and mangos) are the most highly consumed.
Except for Estonia, this is followed by oranges, bananas,
and apples, which are the most consumed single fruit in
Estonia (Table 10).

Vegetables

All countries have a substantial dependency on imports
to meet domestic vegetable supplies. Lithuania is the least
dependent on imports, with a 1.6-fold ratio of production
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compared to balance (taking into account imports and
exports) (Table 11).

Except for Latvia and Lithuania, other vegetables
(a group which includes cabbages and other brassicas,
artichokes, asparagus, lettuce, spinach, pumpkins, pep-
pers, carrots, mushrooms and frozen, dried, and pre-
served vegetables), are the most highly consumed across
all countries, followed by potatoes (which are the most
consumed vegetable in Latvia and Lithuania) (Table 12).
Consumption across the countries is generally focused on
very few products (e.g. cucumber and salad vegetables);
hence, there is scope to expand the diversity of vegetable
consumption.

Considerations for reducing environmental impacts of fruit,
berry, and vegetable consumption in Nordic and Baltic
countries

Even though vegetables, fruits, and berries have among
the lowest relative impacts, from an environmental sus-
tainability perspective, based on the overview of pro-
duction, consumption, and trade, we identify a number
of opportunities to explore as potential ways to reduce
environmental impacts of the fruit, berry, and vegeta-
ble food groups. As consumption of this food group
would need to increase to meet dietary guidelines (Table
2), the opportunities relate to reducing environmen-
tal impacts per unit of production, or relative impacts,
rather than reducing total, or absolute, impacts from this
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Tuable 11. Vegetable production and supply across the Nordic and Baltic countries in 2019 (84)"

Country Production Imports Exports Balance Food supply
(1,000 tonnes) (1,000 tonnes) (1,000 tonnes) (1,000 tonnes) (Kg/person/year)
Denmark 261 420 79 602 96
Estonia 25 97 9 113 8l
Finland 263 253 508 85
Iceland 5 23 28 77
Latvia 62 175 52 185 89
Lithuania 178 232 Ié 294 96
Norway 195 244 | 438 75
Sweden 310 699 55 954 84

Table 12. Vegetable food supply across the Nordic and Baltic coun-
tries in 2019 (kg/person/year)® by vegetable type

Other vegetables Tomatoes  Onions Potatoes

Denmark 76 14 7 6l
Estonia 62 13 7 57
Finland 62 15 8 58
Iceland 59 12 6 39
Latvia 69 12 8 112
Lithuania 69 18 9 84
Norway 62 10 3 49
Sweden 6l 16 8 55

food group. Our suggestions span across production and
consumption aspects and could have relatively major
or minor impacts depending on the level of uptake/
implementation:

* Diversifying consumption of fruits and vegeta-
bles could reduce the dependency of imported
salad vegetables during the winter months and
import of fruits during the summer months.
This would include a decreased consumption of
tomato, cucumber, pepper, and lettuce during the
winter and restricting consumption of these prod-
ucts more to the summer and autumn. During
the colder months (winter and spring), a greater
consumption of root vegetables (e.g. carrot, pars-
nip, celeriac, swede, and beetroot), brassicas (e.g.
cabbage) and onions could potentially reduce the
need for salad vegetables, in addition to using veg-
etables that preserve well to enable longer storage
and use. Even where imports of vegetables are
necessary during the winter months, importing
Chinese cabbage, onions, and root vegetables has

' This figure does not include starchy root vegetables.

a lower GHG impact than importing salad vegeta-
bles, due to increased storability and reduced risk
of waste during transport and post-retail. In terms
of fruit, this could involve an increase in tree fruit
(e.g. apples, pears, cherries, and plums) during the
colder months and wild berries during the sum-
mer months. However, the potential impacts on
local wildlife that rely on wild berry consumption
should be considered. Estimated harvest levels
are low across the region (107-109). However, the
estimated harvest levels are variable and uncer-
tain, and if berry utilisation should increase dras-
tically, the impacts on biodiversity may need to be
assessed.

Increasing the supply of tree fruits (such as apples
and pears) produced within the region could help
reduce the import of citrus, bananas, and grapes.
Increasing the domestic cultivation of a wider variety
of apples would also help diversify the agricultural
landscape, and extend the season due to variations
in harvesting, ripening, and storage times (which
could potentially be shortened). Tree fruits have the
additional environmental benefit of carbon seques-
tration and storage and could be used in agroforestry
systems.

Increasing the use of climate-controlled greenhouses
(or underground, thermally insulated, or vertical
agriculture) could help to increase production of
fruits and vegetables throughout the year within
the region and reduce the requirement for plant
protection products and water use in water scarce
regions (e.g. in exporting countries such as Spain).
The potential for this measure could be highest in
countries where the proportion of renewable energy
is the highest and could potentially increase over
time if the proportion of renewables in the energy
mix increases.

% Calculated from total feed amount divided by total food amount. NA accounts for cases where consumption equalled zero.
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* Root vegetables (including potatoes) and onions
generally have the lowest environmental impacts per
unit of weight and can be most easily stored, with
relatively small inputs and little waste. To reduce the
requirement for potato blight treatment and related
loss of crop, crop rotation and genetic diversity are
known options.

* Increasing the proportion of fruits and vegetables
(of both imports and domestic supply) grown using
less environmentally damaging practices, such as
organic methods, and intercropping, would help
to reduce the use of plant protection products and
synthetic fertiliser, and potentially provide biodiver-
sity benefits by, for example, increasing landscape
heterogeneity.

*  One way to reduce the overall impact of fruit and
vegetable production is to increase the proportion
that reaches the market by reducing the stringency of
shape/size/quality requirements in turn increasing the
proportion of ‘ugly’ fruits and vegetables available for
consumer purchase. The practice of removing prod-
ucts from the market that do not conform to pre-set
standards is greater for fruits and vegetables compared
to cereals and dried legumes — hence, there is most
potential to utilise this measure as a way to reduce the
environmental impacts of fruits and vegetables.

¢ Some environmental issues, such as soil health and
biodiversity, are not captured by LCA. Hence, addi-
tional assessments would be required to avoid soil
damage and biodiversity loss and ensure, for exam-
ple, that the richest soils are utilised for the highest
yields, using methods that protect soil and allow for
sustained production over time.

GHG Emissions
(% share, IPCC 2013)

-20% 0% 2{}% 40“/’( 60% 80% 100% % 20%

Terrestrial Acidification
(% share, CML2 Baseline)

NNR Food Group 5: Pulses (legumes)

Global context

Pulses are dried seeds from legume plants and include
chickpeas, lentils, dried peas, and dried beans. Legumes
include soya beans, fresh beans, and fresh peas (110). At
the global level, 336 mt soya beans, 26 mt dry beans, 23
mt green beans, 14 mt chickpeas, 14 mt dry peas, 9 mt
dry cow peas, 6 mt lentils, 5 mt dry broad beans, 4 mt dry
pigeon peas, and 2 mt green broad and horse beans (83).

For most pulses and legumes, the majority (~80%) of
environmental impacts occur during the production stage
(Fig. 8). Transport generally accounts for a small pro-
portion of impacts for all products. Two-thirds of global
soybean production occur almost equally in the US and
Brazil, followed by Argentina which produces 11% (111).
Hence, imports of certain products, such as soya beans,
to the European market, for example, will tend to involve
long distance transport (but not necessarily air freight).
Drying and preserving pulses and legumes extends their
availability throughout the year and reduces waste. Dried
products also have a smaller energy requirement in relation
to transportation, compared to frozen or canned products
(due to a reduced weight and no refrigeration) (75).

In general, pulses and legumes are among the foods
with the lowest relative environmental impacts — particu-
larly peas and beans (Table 13 — note that other pulses and
peas are in dry weight).

Growing practices greatly influence the environmental
impacts of pulse and legume production, in terms of both
scale and type. Grown as part of crop rotations with cere-
als for example can provide numerous benefits including

Freshwater & Marine Eutr.
(% share, CML2 Baseline)

40% 60% 80% 100% 0% 20% 40% 60% 80% 100%

Tofu
Other Pulses
Peas

B LandUse Change [l Crop Production  [] Livestock/Aquaculture [l Processing [ Transport [l Packaging [l Retail [ Losses
Fig. 8. Proportion of environmental impacts from different life cycle stages: Pulses (legumes) (global) (2).
Tuable 13. Average environmental impacts per kg of retail weight: Pulses (legumes) (global) (2)
Land use Greenhouse gas Acidifying Eutrophying Freshwater
(m?/kg) emissions emissions emissions (L/kg)
(kg CO,eqlkg) (g SO,eqlke) (g PO, eqlkg)
Tofu (soybeans) 35 32 6.7 6.2 149
Other Pulses (dry) 15.6 1.8 22.1 17.1 436
Peas (dry) 75 1.0 85 75 397
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increasing the yield of subsequent cereal crops grown in
the same area (as they use the nitrogen supplied by the
pulses and legumes) and less requirement for plant protec-
tion products (e.g. crop rotations reduce the risk of fungal
disease such as pea root rot), as well as increasing land-
scape-scale heterogeneity and its associated biodiversity
benefits. As legumes and pulses fix nitrogen in the soil,
they do not require nitrogen fertilisers which is a major
environmental benefit. There is less requirement for tilling
of the soil for legume and pulse production (112).

Despite their nitrogen-fixing properties, there are
production practices that use high amounts of nitrogen
fertiliser to increase yields — for example, soya bean culti-
vation in the USA (113). Cultivating soya beans in mono-
cultures requires the use of chemical plant protection
products. In terms of pesticide residue, soybeans can have
the same proportion of non-compliance with permissible
limits as for fruit and vegetables (114).

Land use change associated with pulse and legume
production can substantially add to their environmental
impacts. For example, adding the CO, emissions from
deforestation and burning of crop residues more than
doubled the impact of soybeans grown in Brazil to 1.6
kg CO, equivalents per kg soya beans (115). However,
even with such additions, the climate impacts alone are
relatively much smaller than most animal products such
as beef, pork, chicken, and cheese (see Table 18). Land
use change, such as deforestation, and the installation of
monocultures with fertiliser and pesticide application can
adversely impact the landscape and surrounding biodiver-
sity. For example, heavy expansion of soybean cultivation
on the Brazilian Cerrado is endangering important bio-
diversity. Despite being considered the most species rich
savannah in the world, the Cerrado is the least protected
ecosystem in Brazil. This process of land clearing for soy-
bean cultivation has also been introduced to the Amazon
rainforest region (though 48% of soy production occurs
in the Cerrado region and 13% from the Amazon) (111).
One consequence of such large-scale soybean cultiva-
tion is the infrastructure created to enable harvests to be
transported, which in turn opens up the region for further
exploitation. Soybean cultivation in the Amazon region
has largely resulted in the conversion of existing small-
scale agriculture into large-scale farming with high use of
machinery (and thus much less requirement for farmers),
a dominance of monocultures, a lack of crop rotation,
and ongoing soil erosion (75).

While soy production is a substantial driver of defor-
estation in the Brazilian Amazon, the expansion of pas-
ture land for beef production is the leading driver. In
addition, 95% of Brazilian soy is used for animal feed
(111). Globally, the picture is similar — soy production
is estimated to be the 3rd largest driver of deforestation
(with cattle and palm oil being the 1st and 2nd largest
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drivers, respectively) (116). Only 7% of global soy produc-
tion is used to produce tofu, soy milk, and tempeh directly
for human consumption, and around 13% is used to pro-
duce oil for human consumption. Most soy (76%) is used
to feed farmed animals — largely chickens and pigs (Fig. 9)
(111). However, an analysis of soy embedded in food con-
sumption across the EU found that farmed fish had the
largest amounts per unit of product, followed by chicken
meat (117). Globally, a small portion of soy production is
certified as deforestation-free.

Around a quarter (23%) of pulses produced in 2019
were used for farmed animal feed (118). Reducing the
consumption of animal products, particularly chicken
and pork, is therefore the most effective way to reduce the
environmental impacts of soy production, and also, but to
a lesser extent and concern, pulse production. Replacing
portions of beef consumption with pulses can also reduce
environmental impacts considerably — for example, by
reducing GHGs to make a substantial contribution to
national climate goals, while also sparing large areas of
agricultural land (119). Due to the inefficient conversion
of plant nutrients to animal nutrients, the environmental
impacts of humans consuming pulses directly are sub-
stantially lower (90).

Nordic and Baltic context

Pulses (and legumes) account for low environmental
impacts within the Nordic and Baltic diets. Due to the
nitrogen fixing process during production, pulses account
for little nitrogen use in relation to consumption across
the Nordic region. Cropland and freshwater use tend to
account for the majority of impacts, particularly for con-
sumption in Norway (Fig. 10).

Pulses and legumes are an under-consumed food group
across the region. The most promising process for increas-
ing consumption is in conjunction with a reduction in
meat consumption that is a replacement of portions of
meat with legumes/pulses, which would maximise envi-
ronmentally beneficial outcomes and potentially health
benefits. Such a shift is considered a strong motivator for
exploring options to increase local production. In addi-
tion, there are issues related to imports such as deforesta-
tion from soy. For example, soy imports to Denmark have
been estimated to use a land area equivalent to the com-
bined land area of Zealand and Lolland, and are consid-
ered to pose the greatest risk (in comparison to timber,
pulp, and paper), as 65% of the land used is located in
countries that are high or very high risk for deforestation
and social challenges (120). In general, there is potential
to increase pulse/legume production across the region.
For some countries, current plans revolve around increas-
ing pulse production as part of a crop rotation for the
purpose of farmed animal feed (e.g. Norway). There are
limits regarding the extent that pulses and legumes can
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Tofu (2.6%)
Soy milk (2.1%)
Other e.g. tempeh (2.2%)

Global soy
production

Oil (13.2%)

Soybeans processed
to say cake for feed

Poultry (37%)

Pig (20.2%)

Aquaculture (5.6%)

Other animals (4.9%)
Dairy (1.4%)

Beef (0.5%)

Pets (0.5%) el
Soybeans fed directly
to livestock (79%)

Biodiesel (2.8%)
Lubricants (0.3%)

Industry
4%

Other (0.7%)

Data source: Food Climate Resource Network (FCRN), University of Oxford; and USDA PSD Database.
QurWorldinData.org - Research and data to make progress against the world's largest problems. Licensed under CC-BY by the author Hannah Ritchie
Fig. 9. Allocation of global soy production to its end uses by weight (2017-2019) (111).
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Fig 10. Impacts of pulse (legume) consumption across the Nordic and Baltic countries in relation to the food portion of global
environmental limits (%0).

Source: Global Nutrition Report 2021 (17). The analysis utilises country-specific food consumption and environmental footprint
data and relates them to the food portions of global environmental limits that is a global test to assess the impacts if everyone in
the world consumed at the given rate. The methods and data are described in Box 1 and presented in Appendices 1-3.
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be grown for direct human consumption in terms of vari-
ety, as lentils and chickpeas might be limited to certain
areas and even the production of broad beans is limited in
Finland. There are ongoing chickpea trials in Denmark,
for example, with yields being weather dependent.?! There
is also potential for learning from other regions with
similarities in weather and climatic conditions that have
recently started to produce chickpeas on a commercial
scale [e.g. the UK (121)].

Some countries are more favourably positioned geo-
graphically for pulse production (e.g. greater potential
in southern Sweden compared to Norway or Finland).
Generally, peas and various types of beans grow well
in the Nordic region (peas were historically grown on a
larger scale for direct human consumption before shift-
ing agricultural production to favour animal agriculture).
Hence, there is a legacy of pulse and legume production
in the region, which can be utilised to guide the expansion
of current production. It is important to increase research
in support of increasing pulse and legume production,
including breeding and field trials (which might also
involve increasing the grade of crops from animal feed to
a grade high enough to enable direct human consump-
tion) — and also providing appropriate training for prac-
titioners to overcome a lack of experience in cultivating
legumes, including the use of technologies to increase pro-
tein content and crop rotations techniques (75, 122-124).
In Sweden, production is currently limited to one area and
certain types of legumes/pulses (fava/broad beans and yel-
low peas), although it is possible to grow hardy varieties
of soya beans in southern Sweden (75). However, changes
in climatic conditions could also change the opportuni-
ties for pulse and legume production (e.g. in Sweden and
southern Finland). The use of greenhouses and/or tunnels
could increase the production of soy and broad beans.
Therefore, the growth of pulses and legumes in the region
could be considered dynamic rather than being limited to
current opportunities. There is also an issue of scale. For
example, in Sweden production tends to be niche and lim-
ited to local gardens, and hence would require scaling up
(this is also an aspect where learning from other countries
such as the UK could be particularly useful for informing
how to scale from niche to commercial level). Due to the
relatively small scale of production, pulses are generally
lacking compared to other crops in terms of investments
to increase yields, and research on pests and diseases.

An increasingly prominent area of research regard-
ing pulse production and consumption across the region
relates to their use in various meat-replacement prod-
ucts, or meat alternatives. For example, in Sweden the
broad beans and yellow peas are currently used to pro-
duce tempeh. Increasing plant-protein production for

Sustainable food production and consumption in the Nordic and Baltic region

such products is a growing field of emerging research in
Finland. For example, in Finland, there are large research
projects such as ScenoProt (125) and ‘Leg4Life’ (126)
which aim to develop, with stakeholders, cultivation
methods to increase production of legumes that flourish
in Finnish conditions (pea, faba bean, lupins, and clovers)
and processing methods to create legume products for
animal feed and for direct human consumption. Such an
initiative could help overcome a reliance on soya beans
in processed products, which is apparent due to a lack
of processing opportunities for domestically produced
legumes (75). Research in this field has also increased in
Denmark where old pea varieties grown for human con-
sumption are being investigated in the project Peas &
Love (covering pea yield stability, taste, and quality), and
organic broad beans cultivation in the project QOkoFaba.
In Norway, projects exploring the opportunities for grow-
ing legumes in a warming climate have yielded promising
results (e.g. FoodProFuture and VOM).

For some countries (such as Iceland), a dependency
on imports is likely to remain due to the limited potential
for cultivating legumes and pulses, and for others (such
as Norway) a reconfiguration of existing cropland, in
addition to fixing the current yield gap (127), would likely
be required due to a limited availability of cropland. For
example, replacing a proportion of crops currently cul-
tivated for animal feed with pulses or legumes for direct
human consumption (128). If implemented as crop rota-
tions with cereals, such a reconfiguration would help to
tackle a number of fungal diseases that impact cereals.
It is possible that some domestically grown pulses and
legumes could at least partly replace imports; for exam-
ple, brown beans are a good alternative to kidney beans
imported from the US (75). In some regions and for some
crops, there is also an element of cultural heritage related
to legume production [e.g. brown beans on Oland, where
farmers can claim environmental subsidies for conserving
local varieties and farming methods (75)]. Legume pro-
duction can have positive impacts on the landscape and
biodiversity and contribute to a varied agricultural land-
scape (128). The specific opportunities to cultivate pulses
and legumes within the region might be influenced to
some extent by permissible plant protection products, as
this is not the same in every country.

Currently, all countries produce pulses — with Latvia
being the highest producer and Lithuania the lowest pro-
ducer. Finland, Lithuania, and Norway depend to an
extent on imports to meet supply (Table 14).

For comparison, pulse/legume consumption in line
with a flexitarian diet that aligns with planetary bound-
aries (if implemented in combination with medium-ambi-
tion technological measures to reduce inputs during food

2! Please note:This information was provided by regional experts during a series of workshops and has not been verified.
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Table 14. Pulse® production and supply across the Nordic and Baltic countries in 2019 (84)

Country Production Imports Exports Balance Food supply
(1,000 tonnes) (1,000 tonnes) (1,000 tonnes) (1,000 tonnes) (Kg/personl/year)

Denmark 85 77 45 17 |
Estonia 11 4 67 48 5.7
Finland 64 28 0 92 2.6
Iceland (no data) 0 (no data) 1.1
Latvia 102 59 132 29 0.4
Lithuania 306 19 270 55 2.6
Norway 30 584 2 612 12.6
Sweden 131 49 22 158 2.5

Tuable 15. Pulse (legume) food supply across the Nordic and Baltic
countries in 2019 (kg/person/year) (84) by pulse type

Beans Peas Pulses, other Soybeans
Denmark 0.1 0.5 0.3 0.2
Estonia 0.05 55 0.01 0.2
Finland 0.03 2.3 0.08 0.2
Iceland 0.5 0.02 0.2 0.4
Latvia - - 0.2 0.2
Lithuania 0 1.6 0.9 0.1
Norway 0.1 74 4.8 0.3
Sweden 0.2 1.7 0.3 0.3

production, and reductions in food loss and waste of 75%)
recommends a minimum daily pulse/legume intake of 75
g, or 27.4 kg per year (as part of an average daily intake
of 2,100 kcal) (14). Based on the annual supply data in
Table 14 and consumption data in Table 2, all countries
consume far below this recommended minimum intake
(on a per person basis).

Peas are generally the most highly consumed across all
countries, except for Iceland where beans are the most
highly consumed (Table 15).

Considerations for reducing environmental impacts of legume
and pulse consumption in Nordic and Baltic countries

From the overview of legume and pulse production, con-
sumption, and trade provided in this section, we identify
a number of opportunities to explore as potential ways
to reduce environmental impacts of the legume and pulse
food group:

* Pulses and legumes have among the lowest rela-
tive impacts, from an environmental sustainability
perspective, and have much lower impacts across
the board in comparison to meat, for example,
whether the pulses/legumes are domestically pro-
duced or imported. Reducing the consumption of

animal products and replacing portions of them with
legumes and pulses is the major route to reducing
overall environmental impacts while simultaneously
increasing pulse/legume consumption. Reducing the
absolute amount of beef, pork, and chicken produc-
tion in particular could reduce the substantial envi-
ronmental impacts (including deforestation) of soya
bean production given that most (76%) soya beans
are used for animal feed.

Reducing imports of soya beans for farmed animal feed
is considered in Section § on meats and meat products.
Crop rotations with legumes/pulses and cereals
would reduce the need for plant protection products
such as fungicides, and nitrogen fertilisers. Increasing
production of legumes/pulses for direct human con-
sumption within the Nordic region would also help
to diversify agricultural production and landscapes,
and reduce reliance on imports.

Reducing the overall land requirements of agricul-
ture at the global level (by reducing livestock and feed
crop production, and increasing legume/pulse con-
sumption) could have additional major benefits for
biodiversity and climate change targets if native eco-
systems and vegetation cover were allowed to recolo-
nise spared land. This shift would also allow space for
more environmentally friendly farming methods that
typically have lower yields compared to conventional
production methods (e.g. organic) (3).

Traceability within the supply chain of imported
pulses/legumes is not always possible. Hence, the
environmental impacts of imported products are not
always known. A precautionary approach would be
to adopt a default organic (or similar) procurement
policy, and adopt approaches to enable and incentiv-
ise organic (or similar) methods with crop rotations
for production within the Nordic region.

Innovation in legume/pulse production, manufac-
ture and processing, and consumer behaviour could

22 Includes beans, peas, pulses (other), and soybeans. Pulses (other) is a group which includes broad beans, chickpeas, and lentils.
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facilitate an increased production and consumption
of legumes/pulses for direct human consumption.

NNR Food Group 7:Fish, fish products,
and seafood

Global context

Globally, around 200 million tonnes (mt) of fish and
seafood are produced every year (176,592,630 tonnes in
2019 (84)]. In recent decades, growth in aquaculture has
supplied most demand growth while growth from wild
caught fish has been limited due to protective measures
taken in light of the well-established scientific consensus
on the state of the world’s wild fish stocks. Farmed fish
and seafood now contribute 53% to total global produc-
tion of fish and seafood and are expected to continuously
increase due to limited growth potential in the capture
sector (129). The majority (84%) of wild-caught fish are
consumed directly by humans, and 16% are used to feed
farmed animals (including 11% for farmed fish). China
produces the largest amounts of fish and seafood (60 mt
in 2017), followed by Indonesia, India, Vietnam, and the
US (130).

Capture fisheries and aquaculture both have a range
of environmental impacts, which vary depending on the
habitat types, production method, and equipment type —
ranging, for example, from intensive and higher-input
shrimp and salmon farming to lower-input mussel farm-
ing in aquaculture; and from lower bycatch and lower fos-
sil fuel pole and line fisheries, to benthic trawl fisheries
with significant bycatch, damage to habitats and fossil
fuel use. There are also dependencies between the two —
for example, capture fisheries providing feed inputs to
aquaculture; and various forms of pollution from aqua-
culture impacting capture fisheries (129). However, some
impacts of capture fisheries are particularly difficult to
measure — for example, in terms of catch, only the fish
brought back to land (‘landings’) — are recorded in most
databases, such as those of the UN fisheries. Discards are
not reported, making it impossible (or very difficult and
with uncertainties) to assess fish stocks (130). Despite pro-
ducing only 1% (by weight) of food and feed for farmed
animals globally, aquatic systems (wild and farmed) have
been estimated to account for 10% of the footprint of all
food produced in terms of GHG emissions, freshwater
use, habitat disturbance, and nutrient pollution (1).

In terms of GHGs, the main impact from capture fish-
eries is fossil fuel use for fishing vessels [although emis-
sions from shipping of exports can be higher, for example,
seafood from Norway to Asia (131)], while the main
GHG impact for aquaculture comes from feed production
[although air freighted exports can have a higher impact,
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for example, farmed salmon from Norway to Asia (131)].
The impacts of climate change are expected to affect cap-
ture fisheries and aquaculture. For example, high-latitude
regions will experience an average increase of 30 to 70%
in terms of overall catch potential, while a decreased
catch of up to 40% is likely to be experienced in tropical
areas (129). Warming seas due to global temperature rise
could reduce the nutritional content of fish — for exam-
ple, plankton living in cold (—2°C) regions contain three
times more unsaturated fatty acids than those in warm
(29°C) waters (132). In terms of aquaculture, even small
temperatures can impact productivity of many farmed
species, in addition to creating new opportunities for dis-
eases and parasites. Increased frequency and intensity of
adverse weather could impact farm infrastructure, and
land-based operations could experience freshwater short-
ages. Supply of crop-based feeds could also be threatened
(129). Climate change could therefore negatively impact
food webs and fisheries (132).

Figure 11 provides a range of GHG footprints associ-
ated with fish and seafood production, based on data from
1,690 fish farms and 1,000 unique fishery records. The 23
represented species groups cover over 70% of global ‘blue
food” production (133). Generally, there is no clear size
difference between GHG footprint in terms of capture
vs farmed — both production types have a range of foot-
print sizes depending on species [although GHGs from
some methods have been difficult to quantify, for exam-
ple, bottom trawling, and require further investigation
(134)]. Small pelagic fishes (herring, sardines) generate
lower emissions than all fed aquaculture, and flatfish and
crustaceans generate the highest amounts. When compar-
ing the same species, farmed fish tend to have lower GHG
footprints compared to wild caught (e.g. salmon and
shrimp) — with the difference being most substantial for
bivalves. However, there are examples where wild caught
salmon have lower GHG footprints compared to farmed
salmon. For example, a recent assessment of Norwegian
salmon production found GHGs from wild caught to be
up to 86% lower than farmed — which also had higher land
use requirements and marine ecotoxic and eutrophying
emissions (135). Seaweed has the smallest GHG emissions
across the range of seafood (Fig. 11).

The land requirements for aquaculture result mostly
from feed production, and less so from the conversion
of terrestrial areas to fish farms, which account for 60%
of global aquaculture production (10% of production is
from coastal ponds and the remainder is from open-wa-
ter cages and ropes, in seas and in lakes). Around 70%
of farmed fish are given supplemental feed inputs derived
from agriculture. Farming of unfed fish species like filter
feeding molluscs accounts for around 24% of aquaculture
production and put less pressure on land; however, this
type of production is growing at a slower rate compared
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Flounder (wild) 20.31kg
Lobster (wild) 19.44 kg
Other freshwater fish (farmed) 18.91kg

Shrimp (wild)

Other marine fish (farmed)
Bivalves (wild)

Tilapia (farmed)

Redfish, bass (wild)

Jack fish (wild)

Shrimp (farmed)

Squid (wild)

11.96 kg
1.6 kg
11.4 kg
10.68 kg
9.91kg
9.67 kg
943 kg
8.18 kg

Catfish (farmed) 7.77 kg
Tuna (wild) 7.63 kg
Carp (farmed) 6.95 kg
Salmon, trout (wild) 6.88 kg
Milkfish (farmed) 6.43 kg
Trout (farmed) 5.41kg
Cod, haddock (wild) 513kg

Salmon (farmed) 5.1kg
Herring, sardines (wild) 3.88 kg
Silver/bighead (farmed) 3.51 kg

Bivalves (farmed) 1.4 kg
Seaweed (farmed) 1.09 kg

0 kg 5kg

Source: Gephart et al. (2021). Envirenmental performance of blue foods. Nature.

10 kg 15 kg 20 kg

QurWorldIinData.org/fish « CC BY

Note: Includes on-farm and off-farm, but does not include post-farmgate emissions. This means it does not include impacts such as transport to

retail, packaging, processing or cooking.

Fig 11. Greenhouse gas emissions per kilogram of edible fish and seafood.

Milkfish (farmed)

Tilapia (farmed)

Shrimp (farmed)

Carp (farmed)

Other marine fish (farmed)
Catfish (farmed)

Other freshwater fish (farmed)
Silver/bighead (farmed)
Salmon (farmed)

Trout (farmed)

Bivalves (farmed) | 0 m?

Seaweed (farmed) | 0 m?

Om* 2m?* 4m* 6m?
Source: Gephart et al. (2021). Environmental performance of blue foods. Nature.

Fig. 12. Land use per kilogram of edible fish and seafood (133).%

to fed species (129). Figure 12 shows a range of land use
footprints from aquaculture, including land used for farms
and feed production. The variation in land use between
species can be substantial (e.g. milkfish vs trout). Bivalves
and seaweed have the smallest land use requirements. One
key consideration regarding land use is the opportunity
cost that is other competing land uses, or uses that pro-
vide greater levels of social and environmental benefits in
comparison. Growing crops for fish feed rather than crops
for direct human consumption is a growing tension (129).

Freshwater use in capture fisheries relates almost
entirely to post harvest activities. Direct freshwater use in
aquaculture can be large for some pond-based systems but

23 Based on data from 1,690 fish farms.
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18.53 m?

10.45 m?

9.78 m?

8m? 10m? 12m?* 14m? 16m? 18 m?

QOurWorldInData.org/fish + GC BY

can vary significantly depending on system characteristics,
location and targeted species. Some forms of aquaculture
‘recycle’ water by using it temporarily on the farm and
releasing back in a more polluted form (e.g. added nutri-
ents and chemicals), which might subsequently reduce its
useability and/or effect nearby ecosystems. Water use for
feed crops can also be significant (129). Figure 13 shows
water use footprints for a range of farmed species. As for
GHGs and land use, water usage can vary substantially
between species, with trout being the fish with the smallest
footprint. Bivalves and seaweed do not require freshwater
for production, making them particularly favourable at
least from a water scarcity perspective.
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Trout (farmed)

Bivalves (farmed)
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Fig 13. Freshwater use per kilogram of edible farmed fish and seafood (133).%*

Other marine fish (farmed)
Tilapia (farmed)

Other freshwater fish (farmed)
Carp (farmed)

Milkfish (farmed)

Catfish (farmed)

Shrimp (farmed)

Salmon (farmed)

Trout (farmed)

Silver/bighead (farmed)

Seaweed (farmed) -14.65 kg

Bivalves (farmed) -129.83 kg
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Source: Gephart et al. (2021). Environmental performance of blue foods. Nature.
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Fig 14. Nitrogen emissions per kilogram of edible farmed fish and seafood (133).%

Nitrogen (N) and phosphorus (P) emissions from
direct nutrient leakage from aquaculture farms, and also
from the agricultural production of feed contribute to
marine and freshwater eutrophication. Figures 14 and
15 show nitrogen and phosphorus footprints of a range
of species produced from aquaculture. In fed systems,
most N (>87%) and P (>94%) emissions occur on-farm.
Silver/bighead fish have the lowest N and P footprints,
while seaweeds and bivalves result in negative emissions
due to being produced in extractive systems that remove
more N and P than is emitted. Changing the feed type

2% Based on data from 1,690 fish farms.

% Based on data from 1,690 fish farms.
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can change N and P impacts — for example, replacing
feed for rainbow trout with Baltic herring could reduce
the total eutrophication impact of rainbow trout. The
impacts could be further reduced if the wild caught her-
ring replaced the farmed trout (136).

Both capture fisheries and aquaculture have a range
of adverse impacts on biodiversity. In relation to cap-
ture fisheries, over-harvesting, bycatch, and destruction
of habitats through equipment are the major routes.
Land and aquatic space conversion for farms, efflu-
ents (such as nitrogen and phosphorus emissions) to
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Other marine fish (farmed)
Other freshwater fish (farmed)
Salmon (farmed)
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Shrimp (farmed)

Milkfish (farmed)

Trout (farmed)
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Carp (farmed)

Silver/bighead (farmed)

Seaweed (farmed) -10.14 kg

Bivalves (farmed) -24.28 kg

20kg -10kg

Source: Gephart et al. (2021). Environmental performance of blue foeds. Nature.
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Fig. 15. Phosphorous emissions per kilogram of edible farmed fish and seafood*

the local environment, and direct killing of wildlife
(e.g. if they are a predator of fish) are the major routes
for aquaculture. Genetic introgression from escaped
species has also been reported (137). For some spe-
cies (e.g. shrimp), aquaculture requires the capture of
larvae from the wild, which also has bycatch impacts.
Biodiversity impacts related to feed production (includ-
ing habitat loss and degradation, use of plant protec-
tion chemicals, and nutrient pollution) also apply to fed
aquaculture.

Currently, 92% of the total ocean is unprotected (i.e.
is not governed by a global treaty), and 82% of national
waters are also unprotected (130). Globally, 34% of fish
stocks are overfished, 60% are maximally fished and 6%
are underfished (according to the most recent estimate
for 2017) (138). The Mediterranean and Black Sea have
the highest proportion (63%) of stocks fished at unsus-
tainable levels, followed by the Southeast Pacific (54%),
and Southwest Atlantic (53%) (138). A number of spe-
cies are estimated to be in a particularly dangerous state.
For example, mackerels are estimated to be below opti-
mal levels due to an increase in fishing intensity. Sharks
are rapidly declining — and 37% of all sharks and rays are
threatened with extinction. Southern Bluefin tuna need
more time to recover to optimal levels. However, there are
a number of issues that make such estimates of fish stocks
unreliable. First, only the catch brought to land is counted
in most databases (bycatch/discards is not counted), and
data is much more sparse regarding the status of fish
stocks across Asia, Latin America, and much of Africa, in
comparison with Europe and North America. Assessing
the status of fish stocks requires data on catch and how

% Based on data from 1,690 fish farms.
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quickly fish populations recover. While there are measures
in place to overcome some of the data issues (including an
assessment every decade by the UN Fisheries Division),
such data gaps present a major hinderance to asserting
what is sustainable or not (130).

It has been estimated that most discards (93%) result
from large, industrial scale fisheries with the largest dis-
cards associated with bottom trawling — on average, 21%
of catch from bottom trawling is discarded, increasing
to over 50% for shrimp trawling. In terms of global fish
discards, bottom trawling is estimated to account for
around 50% of the total fish discards from all methods
(130). In addition to high discard rates, trawling phys-
ically damages ecosystems. The extent of the damage
largely depends on the depth of the trawl into the sed-
iment (although sediment type and lifeforms in the area
are also important). On average, 6% (from Otter trawl)
to 41% (from hydraulic dredging) of faunal biomass per
pass are removed, with recovery of the damage taking
1.9-6.4 years post-trawling, depending on fisheries and
environmental context (139). Trawling, for example, in
the Barents Sea affects the biomass of all species but
especially those easily caught by a trawl (140). Around
a quarter of global annual fish catch is from bottom
trawling, and it is the dominant method used in China
and India. Purse seine (vertical nets) accounts for 20%
of global annual catch and is also more commonly used
in industrial fishing practices as, also for trawling, these
methods tend to result in a higher yield. Purse seine
is, in some cases, also associated with high levels of
bycatch. The lowest levels of bycatch are associated with
pole-and-line, and longline methods which are more
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commonly used in lower income countries for subsis-
tence or small-scale capture (130).

There is growing evidence that seabed habitats through-
out the world’s oceans are being impacted by physical
destruction or selective removal of habitat-forming spe-
cies. Removal of the latter, or drastic lowering of the
population, can impact entire food webs and ecosystem
functioning (particularly if apex predators are removed/
reduced, and predator-prey interactions are impacted)
(129). One consequence is a reduction in vegetation where
predator populations are too low and allow herbivorous
species to flourish — in turn reducing the carbon storage
capacity of marine environments (141). In terms of hab-
itat disturbance, demersal fish (also known as groundfish
and include cod and haddock), are estimated to have by
far the largest impact from capture fisheries, and shrimp
have the largest impact from aquaculture. However, dis-
turbance from capture fisheries tends to be much greater
in comparison to that from aquaculture even when
accounting for disturbance from feed production (1).

Aquaculture can also impact entire ecosystems, for
example, freshwater and brackish-water pond farming
has driven large-scale local and regional landscape trans-
formations including large areas (~60,000 km?) of eco-
logically valuable coastal agricultural land and wetland
habitats (mainly along South China, India, Vietnam,
Indonesia, and Bangladesh), that have been fragmented
through land reclamation and conversion. Mass escapes
from fish farms resulting in cross breeding and behaviour
change in wild salmon is an ongoing issue, as is pathogen
spread to wild species, in addition to nutrient waste pol-
luting local environments (129).

Ocean acidification (OA) resulting from increasing
atmospheric concentrations of CO, has been identified
as a substantial threat to marine ecosystems, and both

Proportion of environmental impact (%)
N

Cropland Freshwater

B Denmark M Estonia Finland

Greenhouse gases
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capture fisheries and aquaculture — and wider food sys-
tems — contribute through fossil fuel use (including direct
and indirect use). Capture fisheries are expected to be
impacted by OA, as the distribution and catchability of
over a hundred fish species could decline by up to 30%
(129). Warm water coral reefs and calciferous marine
organisms are among the marine biodiversity impacted
by OA.

The fishing industry contributes substantially to ocean
plastic pollution — for example, over 46% of the mass
comprising the great pacific garbage patch is fishing nets
(142). Such waste from the fishing industry impacts biodi-
versity in a number of ways, including ingestion of plastic
and entanglement in discarded nets and equipment.

As with other forms of animal farming, animal wel-
fare and antibiotic use are important issues to consider.
Antimicrobials are commonly used in aquaculture, con-
tributing to Anti Microbial Resistance (AMR). While
these topics are outside of the scope of the current paper,
they are important issues to consider in any assessments
of sustainable food systems and diets.

Nordic and Baltic context

Figure 16 shows the variation in environmental impacts
of fish consumption across the Nordic and Baltic coun-
tries and how they relate to global limits for food con-
sumption. Nitrogen, phosphorus, and cropland tend to
account for the majority of impacts.

A comprehensive assessment of environmental impacts
of fish capture is difficult — particularly in relation to the
biodiversity impacts. The lack of data availability regard-
ing fish stocks makes an assessment of the environmen-
tal sustainability of capture rates impossible (due to the
lack of frequent and comprehensive data collection on
discards). Similarly, assessing the biodiversity impacts

1
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Fig. 16. Impacts of fish consumption across the Nordic and Baltic countries in relation to the food portion of global environ-

mental limits (%).

Source: Global Nutrition Report 2021 (17). The analysis utilises country-specific food consumption and environmental footprint
data and relates them to the food portions of global environmental limits that is a global test to assess the impacts if everyone in
the world consumed at the given rate. The methods and data are described in Box 1 and presented in Appendices 1-3.
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Table 16. Fish (seafood) production and supply across the Nordic and Baltic countries in 2019 (84).%

Country Production Imports Exports Balance Food supply
(1,000 tonnes) (1,000 tonnes) (1,000 tonnes) (1,000 tonnes) (Kg/person/year)
Denmark 942 1,214 1,955 201 27
Estonia 84 50 112 22 15
Finland 205 134 73 266 34
Iceland 1,184 65 1,146 103 91
Latvia 119 88 134 73 25
Lithuania 94 196 197 93 33
Norway 3,677 1,222 3,105 1,794 51
Sweden 247 1,075 962 360 32

is impossible without reliable information on bycatch,
or data on physical damage to ecosystems via trawling
methods. The environmental impacts of aquaculture
are generally less challenging to assess, with the excep-
tion of biodiversity. A lack of data availability needed to
assess environmental sustainability in a comprehensive
way, combined with an expected increase in global fish
production (mostly via aquaculture) and the impacts of
environmental shocks and climate change make a pre-
cautionary approach to recommendations for fish con-
sumption important that is more information is required
before any targeted increase in fish consumption in the
Nordic and Baltic countries could be justified from an
environmental sustainability perspective, and also from a
food security/risk perspective. This might include identi-
fying under-utilised freshwater fish stocks, shifting supply
from animal feed to human consumption, and assessing
the balance of impacts in different environments includ-
ing the potential to reduce eutrophication in fresh water
bodies. Other potential options to explore (particularly to
reduce pressure on capture fisheries) are mussels, algae,
and seaweed. For example, mussel farming already takes
place along the west coast of Sweden and could pro-
vide an important case study in terms of environmental
impacts and scalability.

Increasing aquaculture production could be an issue in
terms of feed production from agriculture and the asso-
ciated impacts (e.g. see chapter 5 for more information
on the environmental issues related to soya production).
An increased demand for feed necessarily raises the issue
of feed vs food in relation to food security, and competi-
tion with other land uses such as biofuel production and
carbon capture (this issue applies to all animal farming
to varying extents, see for example chapter 8 for more
information). Due to their inefficient conversion of short-
er-chain fatty acid, a-linolenic acid (ALA; 18:3n-3), into
eicosapentaenoic acids (EPA) and docosahexaenoic acids

(DHA), salmon along with other cold water marine spe-
cies of fish must obtain n-3 LC-PUFA through their diet
(fish oil and fish meal in aquaculture). However, changes
to feed composition (including an increased use of oil
seeds), in response to rising demand for fish oil and fish
meal, have resulted in a reduced nutritional benefit to
humans consuming the farmed fish (143). Hence, there
is scope to explore direct sources of n-3 fatty acids for
human consumption as an alternative to consuming fish
from aquaculture, such as microalgae already in use as a
n-3 fatty acid supplement.

Increasing production from capture fisheries is limited in
terms of location across the Nordic and Baltic region due
to high levels of pollution in the Baltic Sea and also lakes
in Sweden, for example, which could make it problematic
to recommend local production. Hence, for some countries
such as Sweden, increasing fish production would likely be
from aquaculture. Otherwise, an increase in consumption
might be met through imports from Norway, Denmark,
or Iceland, for example, which are all large producers and
exporters (Table 16), or through increasing production
in lakes and capturing wild freshwater fish throughout
Finland. In these scenarios, it would still be necessary to
reduce the overall environmental burden of fishing and
fish consumption to prevent problem-shifting, for exam-
ple, reducing one environmental issue in one location while
increasing them in another location, and also to contribute
to a range of environmental targets. One aspect to consider
in relation to the environmental impacts of importing (and
exporting) fish is the use of air cargo. A full assessment of
the environmental impacts of capture fisheries (including
production methods) and aquaculture (including nutrient
emissions and the feasibility of implementing technologies
to reduce them, and antibiotic use) across the region would
be required in order to identify optimal pathways (20).

Norway is the largest producer, importer, and exporter
across the Nordic and Baltic countries (Table 16), and the

2" Includes all fish species and major seafood commodities, including crustaceans, cephalopods and other mollusc species. Data is based on per capita food
supply at the consumer level, but does not account for food waste at the consumer level.
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world’s second largest seafood exporter (144). In Norway,
a discard ban, which comprises of several measures, has
possibly significantly decreased discards (145), although
monitoring is challenging (146). Iceland and the EU also
have discard bans (the ban in the EU is less restrictive
compared to the ban in Norway). The discard ban in the
EU was launched in 2017, and its impacts have not yet
been estimated (146). Fisheries management is interna-
tional in scope, meaning that making changes to fisheries
in Nordic/Baltic seas (e.g. to harvest rate, selection pat-
tern, discard bans) needs to be decided with other coun-
tries with which the stocks are jointly managed through
international agreements (e.g. the EU, UK, and Russia).
For example, about 90% of Norwegian fisheries, both in
value and volume, are taken from stocks it shares with
other countries (147). However, given that Norway is the
tenth largest producer (84) and second largest exporter
of fish and seafood globally, it could have more potential
to influence such decision making compared to the other
Nordic and Baltic countries.

Iceland currently has the highest levels of fish and sea-
food supply across the region — almost double the amount
consumed in Norway, which has the second highest sup-
ply levels (per person). Estonia has the lowest supply
levels, around 6 times lower than Iceland (Table 16). For
comparison, fish and seafood consumption in line with
a flexitarian diet that aligns with planetary boundaries
(if implemented in combination with medium-ambition
technological measures to reduce inputs during food pro-
duction, and reductions in food loss and waste of 75%),
recommends a minimum daily fish and seafood intake

Capture fishery production

Sustainable food production and consumption in the Nordic and Baltic region

of 28 g, or 10.2 kg per year (as part of an average daily
intake of 2,100 kcal) (14). Based on the annual supply
data in Table 16, all countries exceed this amount (on a
per person basis) 1.5-9 fold. In contrast, using fish con-
sumption data from Table 2 indicates that consumption in
Denmark, Iceland, Sweden, and Norway exceeds the mini-
mum amount consistent with the flexitarian diet — all other
countries consume close to or slightly below this amount.

One assessment of fish production suggested at the
global level a maximum amount of 3.5 kg per person per
year would accord with a sustainable load on fish stocks
(maximum sustainable yield of ~66 mt from capture fish-
eries in 2030) (148). Assuming around 50% (in line with the
global production split between capture and aquaculture)
of consumption within the Nordic and Baltic countries is
sourced from capture fisheries, an annual consumption of
3.5 kg is around half of the amount consumed in the low-
est consuming nation (Estonia) and 13 times lower than
the highest consuming nation (Iceland) within the region.
However, this estimated sustainable consumption could
be questioned because of large uncertainties due to lack
of available data, as described above — a comprehensive
assessment of sustainable fish and seafood yields in the
Nordic and Baltic countries is needed (20).

For all countries, capture fisheries represent by far the
largest proportion of fish production — the biggest contri-
bution from aquaculture is in Norway, where it accounts
for around a third of total fish production (Figs. 17 and
19). Production levels from capture fisheries have gener-
ally declined in Norway, Iceland, Denmark, and Sweden
since 1997 (Fig. 17).

Our World
in Data

Capture (wild) fishery production does not include seafood produced from fish farming (aquaculture).
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Fig. 17. Capture (wild) fishery production (tonnes) in the Nordic and Baltic countries: 1960-2018.
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Fig. 18. Wild fish catch (tonnes) from bottom trawling in the Nordic and Baltic countries: 1950-2018

Capture from bottom trawling has also generally
declined from 1997 levels, except for Norway and Iceland,
where bottom trawling has increased (Fig. 18). Bottom
trawling is used for around a third of fish capture in
Norway and around 21% of fish capture in Iceland.

Norway has by far the largest production from aqua-
culture, which increased sharply from 1985 to a current
production of around 1.3 mt per year (Fig. 19A). Across
all countries in the region, the main production is fed fin-
fish, dominated by salmonoids (salmon, trout, and char).
The variation in environmental conditions between the
countries makes some of them more favourably posi-
tioned for aquaculture and impacts sustainability consid-
erations. For example, Iceland, Norway, and Denmark
benefit from access to long coastlines with strong currents,
whereas Denmark also has coastline towards the Baltic
Sea, as do Finland and Sweden, which are highly pol-
luted, populated, and has low oxygen levels, limiting the
possibilities for large scale open-water aquaculture (149,
150).

The environmental impacts of most concern in relation
to aquaculture production in Norway and Iceland relate
to sea lice, escapes and disease and gene transfer to wild
fish stocks, organic wastes, and land-use change con-
cerns related to soy production (for feed). Nitrogen and
phosphorus emissions, and organic wastes are the main
concerns in Denmark, Sweden, and Finland. Within the
region, the high reliance on inputs from agriculture (of
which the high-grade ingredients could be used directly
for human consumption) is common concern. In all set-
tings, antibiotic treatments are of concern (150).

Nordic aquaculture policies currently focus on growth,
both in terms of production volumes and economic gains

(page number not for citation purpose)

(through high-value, fed-fish including salmon or trout),
with strategies to intensify production through technol-
ogy rather than shift to less environmentally burdensome
species and production levels, and to replace soy with
alternative proteins as feed. Hence, the priority appears to
be an increased production with a reduced environmen-
tal impact per unit of production that is reducing relative
rather than absolute impacts (150).

Combining supply from all production methods,
pelagic fish dominate consumption in Denmark, Iceland,
and Lithuania. In Estonia and Norway, demersal fish
dominate; in Finland freshwater fish dominate; in Sweden
the consumption of demersal and freshwater fish is equal,
and higher than pelagic; and in Latvia ‘other marine’ fish
dominate (Table 17). Iceland has the highest consumption
of crustaceans, followed by Norway. This group includes
lobsters and shrimps, which tend to have among the high-
est environmental footprints (especially from capture
fisheries) (Figs. 12-14). Demersal fish tend to be mostly
carnivorous and hence have different feed requirements
and impacts within an ecosystem compared to herbivo-
rous and planktivorous fish. Bluefin tuna (pelagic fish) are
apex predators, which have a particularly important role
in maintaining ecosystem functioning. Mackerels are also
pelagic fish and are estimated to be below optimal levels
due to an increase in fishing intensity. The sum of the uni-
lateral quotas for mackerel and the resulting catches in
the Northeast Atlantic and adjacent waters have exceeded
the scientific advice by 41% on average since 2010 (151).
However, it is generally unknown how much mackerel
is consumed and where it is sourced from, in relation to
consumption in the Nordic and Baltic countries. There is
also lack of consensus on how the quota should be shared
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Fig. 19. (A) Aquaculture production (tonnes) in the Nordic and Baltic countries: 1960-2018; (B) Aquaculture production
(tonnes) in the Nordic and Baltic countries: 1960-2018 (excluding Norway to enhance visibility of production amounts from the

remaining countries).

between the countries fishing this mackerel. Molluscs (a
bivalve) tend to have among the lowest environmental
impacts across the range of metrics (GHGs, land, water,
nitrogen, phosphorus, and biodiversity) yet are consumed
in lower quantities in comparison to other types of fish
and seafood (except for cephalopods and other marine
fish, which are consumed in lower amounts in most coun-
tries) (Table 17). Consumption data is not available for
seaweed, which is the lowest impact seafood.

Considerations for reducing environmental impacts of fish and
seafood consumption in Nordic and Baltic countries

Reducing fish consumption among high consumers in
higher income countries with a good food supply will
likely be important for reducing the overall environmen-
tal burden of the food system. In addition to the current
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issues regarding fish and seafood production, aquaculture
is one of the fastest growing forms of food production
globally and will continue to increase pressure on envi-
ronmental resources and contribute to environmental
problems. Challenges remain even for the most techno-
logically advanced aquaculture systems. There is no single
measure or innovation that will resolve all environmental
challenges related to fish and seafood production (both
capture and aquaculture); instead, a range of measures
are required (129). We offer a range of considerations:
Major:

*  Due to the potentially large-scale impacts on ecosys-
tems and the largely unknown nature of fish stocks
globally, a precautionary approach to this food group
should be taken.
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Tuble 17. Fish (seafood)® supply across the Nordic and Baltic countries in 2019 (kg/person/year) (84) by fish type

Pelagic Demersal Freshwater Crustaceans Molluscs Cephalopods Marine fish, other
Denmark 10 6 2 7 1.4 0.1 0.0
Estonia 2 7 | 3 0.6 0.2 0.0
Finland 10 3 18 2 0.2 0.1 1.2
Iceland 44 21 10 16 0.2 0.0 0.0
Latvia 8 4 2 | 0.5 0.2 10.0
Lithuania 28 | 2 2 0.4 0.3 0.0
Norway 6 23 I 10 0.8 0.1 0.1
Sweden 5 9 9 7 0.9 0.1 0.7

* A comprehensive assessment is needed to identify
sustainable yields from marine and lake ecosystems
within the Nordic and Baltic countries (20), includ-
ing capture fisheries and aquaculture. It could also
identify whether there are any sources of fish that on
balance have positive environmental impacts. This
should factor in potential impacts of climate change,
environmental shocks, antibiotic use, animal welfare,
waste, disease transfer and ecosystem-level impacts
on biodiversity in addition to potential benefits such
as removing nutrients from polluted waters. Due to
changes in environmental conditions, regular mon-
itoring, modelling, and recalculations will likely be
needed.

e Underpinned by a precautionary approach, the
assessment should also carefully consider if there is
a need to increase consumption of fish and seafood,
whether the environmental impacts of increasing
consumption are adequately known, and the feasi-
bility of shifting as much continued production and
consumption as possible to the lowest impact foods
[e.g. edible seaweeds which are particularly underrep-
resented in the literature (133)].

*  The environmental impacts from all types of pro-
duction should be minimised (this mostly applies
to animal sourced capture and aquaculture). One
important aspect for aquaculture is improving feed
conversion ratios across all fed groups, which could
reduce land and water use by up to 50%. Optimising
capture equipment could reduce GHG emissions
by more than 50% for some groups (133). However,
it should be noted that minimising environmental
impacts does not necessarily equate with environ-
mental sustainability — an assessment will still be
required to ensure production levels are consistent
with environmental goals. In addition, impacts will
increase if relative impacts are reduced but absolute
impacts increase (due to an increase in production).

* Feed to food tensions including food security and
efficiency aspects should also be considered, includ-
ing the potential to reallocate resources used to pro-
duce feed to human edible foods.

Minor:

*  Environmental impacts that are not included in the
data presented in this chapter, for example, the energy
used for drying seaweed and CO, emissions during
shell formation of bivalves, and energy used in the
transportation of live bivalves, should be factored in
(133).

*  For any production of animals from aquaculture, the
focus should be on bivalves (considering the previous
point), which are a non-fed species with the lowest
environmental impacts across a range of metrics.
Currently, 30% of aquaculture production is ‘non-
fed’ species (mostly carps and bivalves) (133).

e Environmental impacts of increasing imports and
exports (such as those from air cargo) should also be
factored into assessments.

NNR Food Group 8: Meat and meat
products

Global context

At the global level, chicken meat is produced in the largest
quantity (120 mt), followed by pig meat (110 mt), cattle
meat (68 mt), sheep meat (10 mt), and goat meat (6 mt) —
which together comprise the top 5 in terms of global meat
production quantity in 2020 (84).

The environmental impacts of meat can vary substan-
tially depending on the meat type and production method
(Fig. 20 and Table 18). Across the entire product life cycle,
most of the impacts from meat production occur during
production (~80%), with a relatively small proportion

% Pelagic fish include: herring, mackerel, capelin, blue whiting, bluefin tuna. Demersal fish include: cod, haddock, whiting, hake, pollock and plaice. Freshwater
fish include: salmon (technically an anadromous species), trout, bass, carp, bream, eel, and sturgeon. Crustaceans include: crabs, lobsters, crayfish, shrimp, krill,
and prawns. Molluscs include: mussels, scallops, oysters, clam and whelk. Cephalopods include: octopuses, squid, cuttlefish and nautiluses.
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Fig. 20. Proportion of environmental impacts from different life cycle stages: Meat and meat products (global) (2).
Table 18. Average environmental impacts per kg of retail weight: Meat and meat products (global) (2)
Land use Greenhouse gas Acidifying Eutrophying Freshwater
(m?/kg) emissions emissions emissions (L/kg)
(kg CO,eq/ke) (8 SO,eq/kg) (g PO, eqlkg)
Bovine meat (beef herd) 326.2 99.5 318.8 301.4 1,451
Bovine meat (dairy herd) 432 333 343.6 3653 2,714
Lamb & mutton 369.8 39.7 139.0 97.1 1,803
Pig meat 17.4 12.3 142.7 76.4 1,796
Poultry meat 12.2 9.9 102.4 48.7 660

resulting from processing, packaging, and transport. For
some meat types and impacts, crop production (for animal
feed) accounts for most of the burden, for example, eutro-
phication for beef meat production from dairy herds, pig
meat, and poultry meat. Land use change accounts for the
largest proportion of GHGs from poultry meat (Fig. 20).
For the meats from ruminant animals (beef, lamb, and
mutton), the largest proportion of GHGs arise directly
from the animals in the form of CH, from enteric fermen-
tation during digestion (152). For beef meat, the majority
of all impacts are directly associated with animal farming,
for example, eutrophication and acidification from animal
waste (Fig. 20).

Life cycle assessments of meat products have revealed
a general trend in relation to impacts. Compared to
meat grown using extensive (or organic) techniques,
meat grown using intensive (or conventional) produc-
tion methods tends to have lower impacts per kilogram
across their life cycle in terms of land use, eutrophica-
tion, and acidification — but similar impacts in terms of
GHGs and higher energy use (61). However, extensive
methods might have lower impacts in terms of biodiver-
sity loss and soil degradation (if production amounts
were equal) (66). Extensive ruminant systems generally
use a higher share of grassland and less arable land, uti-
lise more permanent grasslands, and have higher organic
matter applications to soil than intensive systems — all of
which can increase soil carbon stocks in extensive pro-
duction compared to intensive production (depending
on current soil carbon content). However, soil carbon
stocks are generally not included in such assessments
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due to a lack of data and methodological limitations
(153, 154). The differences between the environmental
impacts of intensive and extensive (and broadly con-
ventional vs organic) production occur mostly due to
a higher allocation of land (or area) and a longer life-
time of the animal under extensive methods due to a
reduced productivity from a lower macronutrient den-
sity and digestibility of feed (61). Regardless of subse-
quent production methods, if initial land clearance for
production displaces a native or pristine ecosystem such
as primary forest, the impacts of such land use change
could be substantial at least in terms of GHGs (43).

Depending on where and how feed crops are grown,
they might also incur environmental impacts related to
land use change, such as deforestation, including GHG
emissions and biodiversity loss. Similarly, feed crop
production might displace native carbon sinks such
as peatland, where they are drained and converted to
cropland. Relevant issues related to crop production
(in this case, for feed production) are covered in chap-
ters 3 and 5. Animals raised on pasture also have feed
requirements, such as over winter where grass produc-
tion may be less viable, and finishing feed to increase
animal weight before slaughter. Pasture lands also have
input requirements; for example, permanent pasture in
the UK is the largest nitrogen user across all agricul-
tural production (155).

Another important consideration is the localised, or
site-specific impact. For example, manure management
and/or use of fertilizsers and pesticides could have dif-
ferent impacts on the local environment depending on
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site-specific conditions, including the scale of operations,
and due to nitrogen retention as a result of soils and
drainage systems (156-158). Stocking density of farmed
animals also plays an important role in determining the
level and extent of environmental impacts (156). The
severity of impacts could also vary depending on the
types of inputs — for example, pesticides relatively high in
toxic substances could have a more detrimental environ-
mental impact compared to less toxic substances — how-
ever, this is generally not reflected by the most widely used
environmental assessments (156) and therefore needs to
be addressed in more detail in future studies.

While agricultural land used for grass production
(including silage) can result in lower CO, emissions from
degradation of soil carbon stock per ha in comparison to
agricultural land used for monocultures of annual crops
(159), all land used for meat production, whether it is feed
cropland (including silage) or pasture, and whether it is
cultivated under organic or non-organic methods, has an
associated ‘carbon opportunity cost’ related to the native
vegetation cover that would occur if meat production
ceased. Globally, this is mostly related to permanent pas-
tureland that has replaced forest (43).

The production of meat, dairy, and eggs is the biggest
single use of land globally — occupying 38% of all hab-
itable land and 78% of agricultural land (2). The pro-
duction of feed crops uses 43% of global cropland (2).
Farming animals is a major driver of biodiversity loss
— being the biggest source of nitrogen pollution (lead-
ing to oxygen depleted ‘dead zones’ in rivers and oceans
through the process of eutrophication), ammonia depo-
sition in landscapes, and land use and land use change,
including deforestation (3, 160). For example, cattle
farming is the single largest direct cause of deforesta-
tion, and soy production is the third largest (76% of soy
production is used for animal feed, mostly to feed pigs
and chickens) (111, 161). Biodiversity loss also occurs
through the killing of animals that are considered detri-
mental to livestock farming, for example, through preda-
tion or spread of disease (162). Within key biodiversity
areas, cattle farming has been identified as the largest
single cause of biodiversity loss (accounting for 31%),
with animal farming in total causing more than half of
the loss of plants and vertebrates. From the perspective
of land use, lightly grazed pasture was associated with
half of all biodiversity loss — concentrated in middle-
and low-income regions with rich biodiversity (163).
Land classified as permanent pasture occupies 24% of
global land area, and temporary pastures occupy 1%
(27). The largest meta-analysis conducted on the bio-
diversity impacts of grazing farmed animals shows that
only detritivores (e.g. dung beetles) benefit — all other
species of animals and plants analysed decline in abun-
dance and diversity in areas of livestock grazing (164).
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Beef production

The impact of beef varies mostly depending on whether
the meat is sourced from animals grown specifically for
meat, or whether the meat is sourced from animals grown
for both meat and dairy. For example, in terms of GHG
emissions, according to a global average using retail
weights, beef from a beef herd has around three times
the impact of beef from a dairy herd [99.5 kg CO,e/kg
compared to 33.3 kg CO,e/kg (2)]. The difference is 7-fold
greater in relation to land use, but is lower in relation to
acidifying emissions (0.9), eutrophying emissions (0.8)
and freshwater use (0.5) (2) (Table 18).

Production methods also cause variation in environ-
mental sustainability outcomes. Beef produced from
grain-fed cattle uses less land and causes fewer GHG
emissions and less eutrophication per unit of production
compared to beef from grass-fed cattle, but has higher
energy requirements. Cattle raised in both systems have
feed, land, water, and energy requirements and produce
manure — the environmental impacts of which can also
vary substantially depending on management techniques
(1,2, 61, 156).

When considering such trade-offs at the aggregate or
system level, demand for beef is an important consider-
ation. If demand for beef declines substantially from cur-
rent levels, there is more opportunity to focus production
on extensive organic methods as the overall system-level
land requirement for beef would decline. Adopting exten-
sive organic beef production globally, and even nationally
in some cases, would only be possible in combination with
a substantial reduction in beef consumption from current
levels. For example, a recent analysis of the US found
that limiting production to exclusively pasture-fed beef
would require reducing beef production to 27% of cur-
rent levels — or a more than 3-fold increase in pasture area
to continue current levels (165). Adoption of integrated
mixed farming systems (e.g. extensive livestock coupled
with diverse rotations) could be beneficial from a broad
sustainability perspective, if demand for ruminant meat
declined sufficiently to reduce incentives to expand agri-
cultural land use (66). The main trade off (or opportunity
cost) in this situation is the large area of land use that has
typically displaced a more carbon- and biodiversity-rich
habitat such as forest or grassland. If land-based climate
change mitigation and biodiversity needs are considered
to be more beneficial than livestock production, the land
used for extensively raised organic cattle could instead be
restored to native vegetation cover to maximise its carbon
sink potential (such as reforestation of pastureland) and
in turn provide opportunities for biodiversity that would
occur in such native habitats.

Beef production has a substantial climate impact —
accounting for 6% of total global anthropogenic GHGs
(92). Farmed ruminant animals contribute the largest

Citation: Food & Nutrition Research 2024, 68: 10539 - http://dx.doi.org/10.29219/fnr.v68.10539


http://dx.doi.org/10.29219/fnr.v68.10539

source of anthropogenic methane (CH,), accounting for
around 30% of global emissions (166). While the envi-
ronmental impacts of beef production could be to some
extent reduced through various technological approaches
(see section ‘general points across the food groups’), and
through utilising waste streams from other systems for
some portions of feed, these improvements alone are not
enough. To align with planetary boundaries, reducing
overall demand for beef at the global system-level remains
essential even when optimistic improvements in produc-
tion methods (to reduce environmental impacts per unit
of production) are considered (6, 14, 42).

Pork production

Several of the issues and trade-offs related to beef pro-
duction also apply to pig production in terms of large
land use, biodiversity impacts, GHGs, feed requirements,
and manure waste, albeit in different relative proportions
and scales. Pig meat tends to have higher environmental
impacts across a range of metrics in comparison to chicken
meat, but much lower impacts in comparison to beef
meat (including dairy herd) and sheep meat (Table 18).
The largest proportions of overall environmental impacts
from pig meat production tend to be a result of feed pro-
duction and manure management (Fig. 20) (2, 167, 168).
In terms of GHGs, feed has impacts via land use change
(e.g. deforestation to create cropland for soybeans), and
also directly in the form of nitrous oxide emissions from
nitrogen fertiliser use and manure, and carbon dioxide
from fuel used in field machinery and CH, emissions from
rice production. Hence, the total impacts of feed depend
on whether they are driving land use change and the
extent to which they generate impacts during production
(152). Relevant issues related to crop production (in this
case, for feed production) are covered in more detail in
chapters 3 and 5.

Chicken meat production
Many of the same issues apply to the production of
chicken, also a monogastric animal, as for pig meat pro-
duction. Several of the issues and trade-offs related to
land use, biodiversity, GHGs, feed requirements, water
use, and manure waste are the same albeit in different rel-
ative amounts when assessed on a per weight unit basis,
for example. As for pigs, the largest proportions of envi-
ronmental impacts from chicken meat production tend to
be a result of feed production and manure management
(Fig. 20) (2). Again, the total impacts of feed largely
depend on whether they are driving land use change and
the extent to which they generate impacts during produc-
tion (such as eutrophication of waterways) — see chapters 3
and 5 for more details on the impacts of crop production.
Chicken meat production has risen by 10% globally in
the past 5 years alone (and is the fastest growing sector in
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terms of livestock production) (84). Another important
consideration is the prospect of shifting from other types
of meat with higher environmental impacts, to chicken
which, in comparison to the top 5 most highly produced
meats, tends to have the lowest environmental impacts
across a range of metrics on a per kg basis (Table 18).
However, to be able to assess the impact of shifting from
other meat types to chicken, the full range of environ-
mental impacts at the absolute level, and their relation to
planetary boundaries, and other environmental risks (e.g.
from increased use of antibiotics, spread of zoonotic dis-
ease, increased number of farmed animals) must be con-
sidered. The prospect of increasing deforestation for feed
production is also relevant — for example, around 28%
of soy produced globally is used to feed farmed chickens
(Fig. 9).

Nordic and Baltic context

It is necessary to reduce meat consumption to some degree
across the Nordic and Baltic region. The current levels of
red meat intake are higher than the maximum levels rec-
ommended in health-based dietary guidelines (Table 2).
Figure 21 shows the variation in terms of impacts of
meat consumption across the Nordic and Baltic countries
and how they relate to the food portion of global envi-
ronmental limits. For example, if everyone ate the same
amount of chicken/pork as Lithuania it would use over
65% of the global cropland limit for food consumption.
If everyone ate the same amount of beef/lamb as Iceland
the threshold for GHGs from food consumption would
be exceeded by 4.3 times (Fig. 21). Hence, reducing meat
consumption would have considerable beneficial environ-
mental impacts.

While the data in Table 18 suggest a shift from beef to
pork or chicken would reduce GHGs, it is important to
explore the realities and trade-offs of such an option. For
example, shifting some beef consumption to pork and/or
chicken could reduce GHGs, but increase cropland, water,
and nitrogen use to produce feed crops (Fig. 21), and pos-
sibly cause further land use change, and biodiversity loss.
However, the overall area of pastureland would decline
due to less cattle — some of which could be restored to
its native habitat cover, in turn sequestering carbon and
enhancing biodiversity. Hence, depending on the priori-
ties, such changes could shift rather than solve environ-
mental problems. The current intake of beef, chicken, and
pig meat in the region causes large impacts on land use,
Greenhouse Gas Emissions (GHGE), and nitrogen and
phosphorus application (Fig. 21), which suggests that a
substantially reduced intake of all meats would be opti-
mal in terms of meeting planetary health goals.

The environmental sustainability issues outlined in
relation to the global context above also apply to meat
production and consumption in the Nordic and Baltic
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Fig 21. Impacts of meat consumption across the Nordic and Baltic countries in relation to the food portion of global environ-

mental limits (%).

Source: Global Nutrition Report 2021 (17) The analysis utilises country-specific food consumption and environmental footprint
data and relates them to the food portions of global environmental limits that is a global test to assess the impacts if everyone in
the world consumed at the given rate. The methods and data are described in Box 1 and presented in Appendices 1-3.

region. However, there are also a number of important
location-specific issues to consider. Generally, freshwa-
ter use is not currently a major problem in Nordic pro-
duction because of low irrigation rates and abundant
water resources. The main issues with water use relate
to imported foods produced outside of the region (59).
Nitrogen pollution is a major issue and is largely due to
pollution from animal agriculture (manure and feed crop
production). The Baltic Sea is one of the most polluted
seas in the world (149) and the Oslo fjord is being increas-
ingly polluted by nitrogen from agricultural run-off (169).
This is a substantial constraint to livestock production
and limits other uses of the water bodies. Limits on pol-
lution are required (170, 171), although strict regulations
of fertiliser use and manure management have resulted in
large reductions in nitrogen emissions in Denmark (170,
172). A potential precedent has been recently established
in the Netherlands, after the European Court of Justice
ruled that the state had not taken sufficient action on
reducing nitrogen pollution, and resulted in targets being
identified to halve livestock numbers in order to tackle the
problem (173, 174).

Although some environmental impacts of meat from
farmed animals might be lower if produced in the Nordic
countries compared to some countries that export to the
Nordic countries, consumption of locally produced meat,
assuming current consumption is maintained, does not
sufficiently reduce environmental impacts, as indicated
in Nordic studies on dietary patterns (47, 59, 175). Local
production does have some practical benefits compared
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to meat imports in that the storage and transport issues
are reduced which can be important for such highly per-
ishable products.

Although in the Nordic region, livestock production
on semi-natural grasslands does not always directly com-
pete with food production for human consumption, local
production of substantial amounts of crops for animal
feed has a major environmental impact. This is a problem
across the region and highlights the competition for feed
versus food. Reconfiguring feed crops for direct human
consumption (where possible) in combination with a
reduction in livestock production and consumption could
therefore be a method for reducing the environmental
impacts of food production within the region (20-22).

Despite biodiversity issues (including those related to
feed imports) being particularly important in Sweden,
Finland, Norway, Iceland, and Denmark, it is not possi-
ble to adequately assess them across all countries due to a
lack of comparative data. Although land use change, for
example, from forest to agriculture is not a major issue in
the Nordic and Baltic countries, the negative impacts of
livestock production on terrestrial biodiversity are consid-
ered a serious threat (171, 176). Across the EU27 (which
includes Denmark, Estonia, Finland, Latvia, Lithuania,
and Sweden), livestock production has been estimated to
cause 26% of total biodiversity loss (measured as mean
species abundance), mostly through feed production on
grasslands and croplands (171). There are limited con-
texts where low density livestock grazing is used to main-
tain semi-natural grasslands, which are linked to certain
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types of biodiversity and may contribute to cultural her-
itage, social cohesion, and recreation — particularly in
Sweden, Norway, and Estonia, for example (177, 178).
However, these areas are currently being threatened more
by structural changes in agriculture rather than climate
or environment related policies. It is important to expand
current knowledge in order to assess biodiversity impacts
alongside other important environmental metrics. Even
with adequate data, it will still be impossible to ‘weigh’
the impacts, for example, how many units of biodiversity
at the local level are equal to how many units of GHGs?
Intensive animal production, in general, seems to have
little or no benefit for species richness (176, 179), or to
carbon sequestration (180) — but generally has lower envi-
ronmental footprints in terms of land use and GHGs in
comparison to extensive production. Changes in produc-
tion would therefore likely be assessed using value-based
judgements in relation to impacts on biodiversity, and
in dealing with trade-offs against other environmental
impacts.

There are also major issues related to imported feed.
For example, in Norway and Sweden, the majority of
imported soy, and in Finland approximately half, was cer-
tified as deforestation-free (181) in 2020, yet in the other
Nordic and Baltic countries, the proportion was smaller
or negligible (182) [although there are some potential
issues with transparency and shifting demand due to rising
costs in relation to certification schemes (183)]. In terms
of reducing the impact of imported feed, the availability
of lower impact feed alternatives and/or whether they can
be produced in-country (rather than being imported from
another country) could be important areas of inquiry if
not already in progress. In Denmark, for example, farm-
ers have begun partly replacing soy imports used for
farmed animal feed with vicine-free fava beans (184—186).
Similarly, in Finland, the Leg4Life initiative is operational
(120).

Iceland dedicates by far the largest proportion (99%)
of its agricultural land to pasture (mostly permanent),
followed by Norway (67%, mostly temporary), Sweden
(54%, mostly temporary), Estonia (48%, mostly perma-
nent), Latvia (47%, mostly permanent), Finland (40%,
mostly temporary), Lithuania (34%, mostly permanent),
and Denmark (29%, most temporary) (Table 1). Large
areas of land are used for sheep production in Iceland
which causes biodiversity loss and damage to ecosystems
via sheep grazing on emerging vegetation and is a partic-
ular problem in sensitive areas (187).

In Sweden, domestic production is dominated by beef
from the dairy sector (64%) (188) that is from culled cows
and offspring raised for meat. There has been a large
reduction in dairy cows due to increasing milk yield, and

Sustainable food production and consumption in the Nordic and Baltic region

these have been replaced by an increasing number of
suckler cows. Most bulls are raised indoors to a slaugh-
tering age of between 15 and 24 months on a diet of
approximately 50% forage and 50% grains (188). The use
of soy for feed is low in beef production and 2.5% in dairy
production (which a substantial part of beef comes from)
(189). 15% of slaughtered beef animals are raised under
organic production methods. Suckler cows (and their
calves), dairy cows and heifers graze in summer (required
by Swedish animal welfare legislation). Grass-clover ley
grown in rotation with other crops or in monocultures is
the main feed source (47, 58).

In Denmark, the largest proportion of all beef origi-
nates from dairy systems (83%), estimated from data on
the production of bone-free meat from different types
of cattle in Denmark. Intensive beef accounts for 15%
and extensive beef for 2%, which is mostly under organic
production. Within the dairy systems, dairy cows sup-
ply the largest share of minced meat and dice/strips (55
and 63%, respectively), whereas calves supply the largest
share of steaks (59%). Beef produced from dairy cows in
the Nordic countries appears to result in lower environ-
mental impacts compared to beef produced from beef
cattle. Mogensen et al. (190) estimated that GHGs from
beef produced in Denmark and Sweden from dairy bull
calves slaughtered between 9 and 19 months old had the
lowest GHGs, ranging from 9 to 12 kg CO,/kg of carcass
weight. Comparatively, GHGs of beef from beef breed
systems ranged from 23 to 30 kg CO_ /kg carcass weight.
The differences were largely attributed to differences in
feed intake over the animal’s lifetime. A study of beef
production in Finland (191) estimated a range of environ-
mental impacts of (carcass weight) beef produced from
dairy cows and beef cattle respectively: GHGs were 25
and 32 kg CO,eq/kg; aquatic eutrophication was 22 and
33 g PO,*eq/kg; and acidification potential was 58 and 64
gAE-eq/kg. In these examples, the environmental impacts
were higher for beef produced from beef cattle compared
to beef produced from dairy cows, which is also apparent
for GHGs and land use based on a global average of beef
produced from beef herds and beef produced from dairy
herds, but not for acidifying and euthrophying emissions
(Table 18) (2).

In Finland, the majority of pastures are intensively
farmed and are not adequately supporting biodiversity
(176). It is not necessarily possible to expand agricultural
land in Finland as this could result in even more peat-
land being brought into production (currently 8—11% of
agricultural land is peatland).” Reducing the demand for
agricultural land through shifting to more plant-based
diets would allow peatland to be taken out of produc-
tion, rather than replace grass production on peatland

» Please note: This information was provided by regional experts during a series of workshops and has not been verified.
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with grain production, for example, which could increase
GHG emissions (192). A reorganisation of crop rotations
on the remaining agricultural land would be required to
maintain or improve the carbon stock and agricultural
condition of farmland (193).

In Norway, a large area of land used for temporary
pasture is deemed unsuitable for crop production under
current market incentives. Most (~90%) crops produced
in Norway are used for farmed animal feed. This includes
grass and roughage production, but also around two thirds
of the grains produced are feed rather than food grains.
Outdoor grazing is limited due to seasonal reasons. When
indoors, cows receive a mixture of roughage and concen-
trates. However, recent analysis suggests that more of the
cultivated land could be used for producing plant-based
foods (194). An increase in vegetable production (includ-
ing potatoes) is also possible, and portions of feed could
be reallocated to human food (e.g. oats) (99). Structural
changes have increased the size of farms, with much fewer
small farms now operating. Due to smaller production
and long distances, production in more marginal areas is
no longer financially profitable (195). Improving incomes
and maintaining viable districts with livestock production
is considered a priority area in Norway, and has resulted
in conflicting agricultural and environmental policy goals
(196). This demonstrates some of the socio-political chal-
lenges in terms of reducing the environmental impacts
of food production and consumption within the region
and the importance of addressing such issues in order
to progress towards more environmentally sustainable
agriculture.

The overarching issue across the Nordic and Baltic
region in relation to livestock production is land use. If,
where and how to reduce production is likely to be con-
sidered from the perspective of value judgements which
currently dominate decisions around the relative value of
maintaining livestock production versus increasing bio-
diversity and mitigating climate change. The favouring
of the latter against the former is largely dependent on
whether the focus is on maintaining the status quo (i.e.

current income sources, current land use patterns, current
levels and types of biodiversity, current response to meet-
ing the Paris Agreement goals), or taking a more ambi-
tious approach to tackling climate and biodiversity issues,
and aligning income sources with those goals (66).

A broader point is that current agricultural land use
across the countries could usefully be examined to iden-
tify ‘best’ uses for maximising environmental sustainabil-
ity outcomes. For example, fully repurposing some areas
currently under permanent pasture would allow native
vegetation and ecosystems (e.g. the Boreal forest or wet-
lands in relevant countries), to regenerate, and wildlife to
be reinstated (and predator—prey relationships), providing
additional benefits in terms of climate change mitigation,
biodiversity, and more functional ecosystems. Any such
changes to land use might require identification of alter-
native or replacement income sources.

Beef production and trade

Of the 8 countries, Sweden is the largest beef producer, but
none of the countries contribute substantially to global
beef production. All countries except Latvia rely on beef
imports to some extent to supply national consumption
(Table 19). In countries with a greater reliance on imports,
there is less opportunity to influence the environmental
impacts of current consumption through changing pro-
duction methods. However, all countries could influence
environmental impacts by reducing national beef con-
sumption, and focusing on production from systems
(home and abroad) with lower environmental impacts.
Supply levels vary quite substantially across the 8 coun-
tries — with levels in Denmark more than four times those
in Lithuania (Table 19). Hence, for some countries there
is scope for reducing national beef consumption more
significantly.

For comparison, beef consumption in line with a flex-
itarian diet that aligns with planetary boundaries up to
2050 (if implemented in combination with medium-am-
bition technological measures to reduce inputs during
food production, and reductions in food loss and waste of

Tuable 19. Beef production and supply across the Nordic and Baltic countries in 2018 (84)

Country Production (1,000 tonnes) Imports Exports Balance Food supply
(% of global total) (1,000 tonnes) (1,000 tonnes) (1,000 tonnes) (Kg/person/year)
Denmark 129 (0.2) 124 107 146 23.52
Finland 87 (0.1) 27 4 110 19.26
Iceland 5 (<0.0) | 0 6 14.89
Norway 89 (0.1) 13 0 102 17.66
Sweden 137 (0.2) 113 12 238 22.58
Estonia 13 (<0.0) 8 4 17 8.64
Latvia 17 (<0.0) 7 13 I 5.73
Lithuania 42 (0.1) 8 33 17 5.36
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Table 20. Pig meat production and supply across the Nordic and Baltic countries in 2018 (84)

Country Production (1,000 tonnes) Imports Exports Balance Food supply
(% of global total) (1,000 tonnes) (1,000 tonnes) (1,000 tonnes) (Kg/personlyear)

Denmark 1,583 (1.3) 148 1,445 286 26.7
Finland 169 (0.1) 42 23 188 377
Iceland 7 (<0.0) | 0 8 20.9
Norway 137 (0.1) 6 138 229
Sweden 249 (0.2) 11 29 331 309
Estonia 42 (<0.0) 40 28 54 37.8
Latvia 39 (<0.0) 58 I 86 43.6
Lithuania 72 (<0.0) 89 19 142 48.4
Table 21. Poultry meat production and supply across the Nordic and Baltic countries in 2018 (84)

Country Production (1,000 tonnes) Imports Exports Balance Food supply

(% of global total) (1,000 tonnes) (1,000 tonnes) (1,000 tonnes) (Kg/person/year)

Denmark 156 (0.12) 141 142 155 26.9
Finland 135 (0.11) 17 I 141 19.4
Iceland 9 (0.01) | 0 10 30.9
Norway 98 (0.08) 2 0 100 20.6
Sweden 161 (0.13) 8l 26 216 16.9
Estonia 19 (0.02) 30 12 37 222
Latvia 34 (0.03) 47 21 60 21.0
Lithuania 134 (0.11) 45 66 113 29.0

75%) recommends a daily maximum beef intake of 7 g, or
2.6 kg per year (as part of an average daily intake of 2,100
kcal) (14). Based on the annual supply data in Table 19,
all countries exceed this amount (on a per person basis)
2-9 fold. Similarly, using red meat consumption data
from Table 2 indicates that consumption in all countries
far exceeds the amount consistent with the flexitarian diet.

Pork production and trade

Denmark accounts for 1.3% of global pig meat production
and is by far the largest producer from the 8 countries. All
countries except Denmark rely on pig meat imports to some
extent to supply national consumption (Table 20). Hence,
there could be greater potential to reduce the environmen-
tal impacts of production in Denmark compared to other
countries that rely more on imports. However, all coun-
tries could influence environmental impacts by reducing
national consumption, and focusing on production from
systems (home and abroad) with the most transparent
environmental impact data. Supply levels vary quite sub-
stantially across the 8 countries — with levels in Lithuania
almost twice those in Denmark. Hence, for some countries,
there is scope for reducing national consumption more sig-
nificantly. For comparison, pork consumption in line with
a flexitarian diet that aligns with planetary boundaries up
to 2050 (if implemented in combination with medium-am-
bition technological measures to reduce inputs during food
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production, and reductions in food loss and waste of 75%)
recommends a daily maximum pork intake of 7 g, or 2.6 kg
per year (as part of an average daily intake of 2,100 kcal)
(14). Based on the annual supply data in Table 20, all coun-
tries exceed this amount (on a per person basis) 8§-19 fold.
Similarly, using pig meat consumption data from Table 2
indicates that consumption in all countries far exceeds
the amount consistent with the flexitarian diet, except in
Iceland (although data is missing for 4 countries in Table 2).

Chicken meat production and trade

Of the eight countries, Sweden is the largest chicken meat
producer, but none of the countries contribute substantially
to global chicken meat production. All countries except
Denmark and Lithuania rely on chicken meat imports to
some extent to supply national consumption (Table 21).
Hence, there is significant potential to reduce the impacts
of both production and consumption in Denmark and
Lithuania. In countries with a greater reliance on imports,
there is less opportunity to influence the environmental
impacts of chicken production. Latvia and Estonia who
import more than they produce, have least ability to influ-
ence the environmental impacts of production given that it
is mostly served via imports. However, all countries could
influence environmental impacts by reducing national con-
sumption, and focusing on production from systems (home
and abroad) with the most transparent environmental
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impact data. Supply levels vary quite substantially across
the 8 countries — with levels in Lithuania almost twice
those in Sweden. Hence, for some countries, there is scope
for reducing national consumption more significantly and
replacing where needed with more environmentally sus-
tainable alternatives such as legumes and pulses.

For comparison, poultry meat consumption in line
with a flexitarian diet that aligns with planetary bound-
aries up to 2050 (if implemented in combination with
medium-ambition technological measures to reduce
inputs during food production, and reductions in food
loss and waste of 75%), recommends a daily maximum
poultry meat intake of 29 g, or 10.6 kg per year (as part
of an average daily intake of 2,100 kcal) (14). Based on
the annual supply data in Table 21, all countries exceed
this amount (on a per person basis) by around 2-3 fold.
In contrast, using chicken meat consumption data from
Table 2 indicates that consumption in Finland, Iceland,
Lithuania, and Latvia exceeds the amount consistent
with the flexitarian diet, whereas other countries consume
below or close to this amount.

Considerations for reducing environmental impacts of meat

consumption in Nordic and Baltic countries

* A reduction in meat consumption is a first order pri-
ority — with greatest scope in countries consuming
above levels compliant with planetary boundaries
(mostly beef and pork across all countries, but also
chicken for some countries).

*  If meat consumption needs to be replaced and not just
reduced (e.g. to meet recommended nutrition intakes),
replacement with plant-based foods such as legumes,
pulses and whole grains would reduce the impacts
of meat consumption as much as possible and avoid
trade-offs to the greatest extent (in comparison to
replacing beef with chicken or pork, for example). The
environmental impacts of replacing some meat con-
sumption with the lowest impact seafoods could be
assessed, with a requirement to avoid problem shifting.

*  Reducing meat production and consumption would
reduce the demand for feed crops (see related consider-
ations in sections 3 and 5 for cereals and pulses/legumes);
hence, replacing meat with plant-based foods would not
require an increase in cropland (rather a reconfiguration
of crop production to best suit human needs).

*  The increased use of locally grown legumes as food
could give incentives for farmers to include legumes
in crop rotations, which in turn would reduce the
requirements for synthetic nitrogen fertilisers and
improve soil quality. Other plant-based meat replace-
ment products might also be suitable alternatives —
however, this would need to be assessed depending
on type and availability. Potential food shifts will be
discussed further in the next paper of this series.
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e Changing elements of production such as replacing
feed with legally permitted and safe by-products and
shifting to more extensive methods might offer ben-
efits in some contexts. However, such options do not
negate the primary need to reduce meat consumption
substantially. For example, shifting all beef produc-
tion to extensive methods would require a reduction
in overall beef production levels to avoid increasing
GHG emissions and land use (21).

*  Given the range of factors involved and the complex-
ity of trade-offs and location specific impacts and
contexts, a national strategy would be important to
usefully direct the reduction and replacement of meat
production and consumption. An important part of
this would be a comprehensive review to identify and
explore the relevant range of issues including human
health and social impacts, animal welfare, and current
and emerging threats, for example, zoonotic diseases
(and the risks of emerging zoonoses with potential
pandemic consequences), and environmental change
such as temperature extremes.

e Overarching, and in parallel, a national land use
assessment could inform optimal land uses for meet-
ing a range of environmental goals, also accounting
for the environmental impacts of food imports in pro-
ducer countries. One important inclusion would be an
assessment of different types of pasture lands in terms
of their current value and necessity for food produc-
tion versus alternatives uses, such as restoring native
habitats to help meet other social goals (i.e. meeting
climate and biodiversity goals). For example, on native
grasslands, improved grazing management could par-
tially restore vegetation and related carbon stores but
would come with a trade-off of non-CO, GHGs from
the grazing ruminants. Fully restoring pasture land to
native forest cover (where relevant) removes this trade
off, and could have large scale potential to sequester
more carbon and provide habitats for a wider range
of wildlife across the region (43, 197).

* Ensuring a trajectory within planetary boundaries
requires a longer-term perspective on the role of live-
stock within the food system rather than focussing only
on the realities of today’s market and other immediate
socio-political determinants. Situations can change
rapidly and business as usual cannot be assumed
under the expected impacts of climate change alone.

NNR Food Group 9: Milk and dairy
products

Global context
At the global level, 876 mt milk (excluding butter) were
produced in 2019 of which 3% were used for farmed
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Fig. 22. Proportion of environmental impacts from different life cycle stages: Milk and dairy products (excl. butter) (global) (2).

Table 22. Average environmental impacts per kg of retail weight: Milk and dairy products (global) (2)

Land use Greenhouse gas emissions Acidifying emissions Eutrophying emissions (g Freshwater
(m?kg) (kg CO,eqlkg) (g SO,eqlkg) PO, eq/kg) (L/kg)
Milk 9.0 32 20.0 10.7 628
Cheese 87.8 239 165.5 98.4 5,605

animal feed. The majority was produced from cows
(81%), followed by buffalo (15%), goat (2%), sheep (1%),
and camel (<1%). India produces by far the largest quan-
tity of milk (187 mt in 2019), followed by the US (99 mt),
Pakistan (56 mt), China (36 mt), and Brazil (35 mt) —
making up the top 5 producers globally (83).

Collectively, dairy production has a large environmen-
tal footprint at the global level, accounting for 4% of total
anthropogenic GHGs, for example (92). This is largely a
result of the use of ruminant animals for the majority of
milk production (cows, buffalo, goats, and sheep). The
environmental impacts of dairy products tend to be con-
centrated during the production stages of the life cycle,
which account for around 80% of impacts. For exam-
ple, in terms of GHGs, the animal farming component
accounts for the largest share of emissions as a result of
methane and nitrous oxide released from the ruminant
animals and from their manure, whereas acidification and
eutrophication impacts are largely attributed to feed crop
production (Fig. 22).

Cheese has a much higher impact compared to dairy
milk as it is a concentrated form of milk, requiring around
10 litres of milk to produce 1 kg of cheese (Table 22). The
impacts of butter are not described here, but animal fat is
included in section 11 on fats and oils.

Many of the same issues discussed in chapter 8 related
to meat production (e.g. feed production, deforestation,
large land use, manure and urea, nutrient pollution of sur-
rounding ecosystem, resource use on farm including water
and energy for housing, and culling of local wildlife),
apply to dairy production. Additionally, for dairy prod-
ucts, animal welfare and antibiotic use are also important
issues to consider (198), but are outside the scope of the
current paper.

As for the impacts of meat production, the level of
impacts per unit of milk production varies depending
on a number of factors including milk yield (which is
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not uniform across the global herd of farmed cows), and
feed type, production methods, and production location.
For example, locally grown feed produced by nitrogen
fixing legumes will potentially have lower environmental
impacts compared to imported grains. CH, emissions
from ruminant animals can also vary depending on feed
type and its digestibility (higher cellulose feeds result in
higher CH, release from the animals), and emissions from
manure can also vary, for example, depending on tem-
perature, amounts, oxygen availability, and storage type
(75). How environmental impacts are reported per unit of
milk are also dependent on the allocation method used
in the life cycle assessment. For example, if economic
allocations are applied, a greater proportion of environ-
mental impacts over a cow’s life will be attributed to meat
production rather than milk production. However, on a
weight basis, most of the environmental impact would be
allocated to milk production (13).

Nordic and Baltic context
The Nordic and Baltic countries have some of the high-
est levels of dairy milk consumption in the world — for
example, Finland currently has the second highest global
consumption rates, with Estonia having the 6th highest,
Denmark the 9th highest, and Iceland the 18th highest
(84). Environmental impacts of dairy consumption are
also high across the countries, making up a substantial
proportion of total impacts from all food consumption —
particularly in relation to GHGs and land use, but phos-
phorus and nitrogen are also significant. Reducing dairy
consumption is the most effective way to reduce environ-
mental impacts from this food group and will be necessary
to align with food-related global environmental limits.
Figure 23 shows the variation in environmental impacts
of dairy milk consumption across the Nordic and Baltic
countries and how they relate to the food portion of global
limits. For example, if everyone in the world consumed
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Source: Global Nutrition Report 2021 (17). The analysis utilises country-specific food consumption and environmental footprint
data and relates them to the food portions of global environmental limits that is a global test to assess the impacts if everyone in
the world consumed at the given rate. The methods and data are described in Box 1 and presented in Appendices 1-3.

the same amount of dairy as each person in Finland,
the global GHG limit for food consumption would be
exceeded by almost 1.4 times and would use 60% of the
cropland limit for food consumption.

Many of the issues covered in the global context
regarding the environmental impacts of dairy are also rel-
evant to the Nordic and Baltic countries. There are some
regional and local variations; for example, some regions
are more dependent on feed imports (e.g. rapeseed cake
in Finland) due to shorter grazing seasons and less local
production of feed crops. Dairy cows are generally fed a
mixture of roughage (silage, hay, pasture, and maize) and
various types of concentrates derived from crops such
as cereals, rapeseed, soya bean, beet pulp, and molas-
ses. The impacts of feed production vary depending on
which crops are used, and where they are sourced from
— for example, regulations on plant crop protection varies
across the world and therefore soybeans imported from
Brazil could have different impacts compared to locally
produced pulses. In Sweden, soybean use for dairy cows is
approximately 2.5% of the feed (189). The amount of soy
that Norway imports for animal feed would cover more
than 50% of the Norwegian population’s basic protein
needs (199). Production methods are also important; for
example, intensively grown animal feed can result in soil
erosion within the region (see chapters 3 and 5) (20).

Intensively produced dairy has a range of environmen-
tal issues across the region. Generally, dairy farms have
become fewer in number and larger in size, which concen-
trates certain impacts in the local environment, such as
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nutrient pollution. Farm location also impacts energy use
—for example, areas with shorter grazing seasons will need
to use relatively more energy for lighting and ventilation
for animal housing (75).

Some variation exists in terms of environmental
impacts in comparison to the global average of 3.2
kg CO,eq/kg retail weight in Table 22. For example, a
Swedish study (200) estimated the impact for energy cor-
rected milk (ECM), including surplus calves and culled
cows, to be 1.16 kg CO,e/kg ECM in Sweden, similar to
an estimate of milk in Denmark (1.06 kg CO,e/kg ECM)
(201). However, the amount used in Fig. 23 to estimate
the GHG impact of milk consumption across the Nordic
and Baltic countries in relation to planetary boundaries
is 1.39 kg CO,eq/kg (see Appendix 2). The main route for
reducing the environmental impacts of dairy production
is a reduction in production amounts, to reduce absolute
impacts. The main route for reducing GHGs per unit
of production (relative impacts) for both organic and
non-organic is increasing milk yield (75). However, this is
already very high and will not reduce the absolute impact
of dairy production if production levels increase with
increasing demand. The impact of plant protection prod-
ucts can vary the impacts of organic relative to non-or-
ganic production. For example, some chemical products
can be used in conventional milk production via feed
crops, but are not permitted in organic crop production
(although small amounts of non-organic feed might be
permitted for organic dairy production in some countries
such as Sweden) (75). Using a larger proportion of locally
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Table 23. Milk (excluding butter) production and supply across the Nordic and Baltic countries in 2019 (84)

Country Production Imports Exports Balance Food supply
(1,000 tonnes) (1,000 tonnes) (1,000 tonnes) (1,000 tonnes) (Kg/personl/year)
Denmark 5615 934 3,148 3,401 238
Estonia 822 8l 376 527 278
Finland 2,374 759 209 2,924 336
Iceland 156 | 7 150 203
Latvia 98I 260 554 687 165
Lithuania 1,551 657 629 1,579 108
Norway 1,573 131 90 1,614 166
Sweden 2,704 998 340 3,362 182

and regionally produced organic feeds such as grains, oil
seeds, and pulses, some feed from pastures under extensive
production (20), and potentially low-opportunity-bio-
mass (i.e. biomass not in competition with human food)
(202) could help to reduce the impacts of dairy per unit of
production; however, this does not fully address a number
of important issues including the competition for agricul-
tural land (e.g. feed versus food), and the need for overall
dairy consumption levels to decline across the region.

Denmark is by far the largest producer of dairy milk, fol-
lowed by Sweden and Finland. Denmark is also the largest
net exporter of dairy milk, followed by Estonia and Latvia.
All other countries, except Iceland, are net importers of
dairy milk. Finland is the largest dairy milk consumer in
the region on a per person basis, followed by Estonia and
Denmark. Lithuania has the lowest consumption levels
(Table 23). Milk from cows accounted for by far the major-
ity of production and consumption in all countries.

For comparison, milk consumption in line with a
flexitarian diet that aligns with planetary boundaries up
to 2050 (if implemented in combination with medium-
ambition technological measures to reduce inputs during
food production, and reductions in food loss and waste of
75%) recommends a daily maximum milk intake of 250 g,
or 91.3 kg per year (as part of an average daily intake
of 2,100 kcal) (14). Based on the annual supply data in
Table 23, all countries exceed this amount (on a per per-
son basis), with Lithuania being closest with an average
daily consumption of 296 g. Average supply in Finland
exceeds the amount by 3.7 times, followed by Estonia (3
times), Denmark (2.6 times), Iceland (2.2 times), Sweden
(2 times), Norway (1.8 times), and Latvia (1.8 times). In
contrast, using milk and cheese consumption data from
food diaries in Table 2, consumption in all countries
exceeds the amount consistent with the flexitarian diet,
except for Latvia and Lithuania.

Considerations for reducing environmental impacts of milk

consumption in Nordic and Baltic countries

*  Reducing dairy milk consumption, especially cheese,
would provide the greatest environmental benefits
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across a range of metrics (e.g. agricultural land use,
GHGs, nutrient pollution, biodiversity loss). Hence,
a reduction in consumption should be considered a
first order priority — with greatest scope in countries
consuming above levels compliant with planetary
boundaries. Currently, dairy cows are used to sup-
ply milk during their lives and beef meat at slaugh-
ter. Therefore, for maximum effect, a reduction in
dairy consumption should be paired with a reduction
in beef consumption — otherwise, beef cattle herds
(which have higher environmental impacts per unit of
beef compared to beef produced from dairy herds)
might be increased to compensate for a reduced beef
output from the dairy industry.

If a replacement of nutrition is required (rather than
just a reduction), this should also be considered in
terms of opportunities to minimise environmental
impacts through replacement with plant-based alter-
natives where possible.

Reducing dairy production and consumption would
reduce the demand for feed crops (see related consid-
erations in chapters 3 and 5 for cereals and pulses/
legumes); hence, replacing dairy milk with plant
foods may not require an increase in cropland.
Similarly for meat production and consumption,
given the range of factors involved and the complex-
ity of trade-offs and location specific impacts and
contexts, a national strategy should usefully direct
the change in milk production and consumption.
An important part of this would be a comprehen-
sive review to identify and explore the range of issues
including biodiversity, human health and social
impacts, animal welfare, and current and emerging
threats, for example, antibiotics, where necessary, and
zoonotic-driven pandemics.

The approach to reducing dairy production and
consumption must be done in conjunction across
all livestock production and consumption given the
important connections, interdependencies and sim-
ilarities between meat and dairy, and must take a
longer-term perspective rather than being limited to
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Fig. 24. Proportion of environmental impacts from different life cycle stages: Eggs (global) (2)
Tuble 24. Average environmental impacts per kg of retail weight: Eggs (global) (2)
Land use Greenhouse gas emissions Acidifying emissions Eutrophying emissions Freshwater
(m?/kg) (kg CO,eq/kg) (g SO,eqlkg) (g PO eq/kg) (L/kg)
Eggs 6.3 47 537 21.8 578

the realities of today’s market and other socio-po-
litical determinants. Situations can change rapidly,
and business as usual cannot be assumed under the
expected impacts of climate change alone.

NNR Food Group 10: Eggs

Global context

At the global level, 90 mt eggs were produced in 2019 of
which 93% were from chickens. China produced 37% of
the global total (37 mt in 2019), followed by the US (7 mt),
Indonesia (5 mt), India (5 mt), and Brazil (3 mt) — making
up the top 5 producers globally (84).

The environmental impacts of eggs tend to be largely
concentrated during the production stages of the life cycle,
which account for around 90% of impacts. For example,
GHGs are largely attributed to feed crop production,
whereas the animal farming component accounts for the
largest share of acidification impacts, and eutrophication
impacts are more equally spread between feed crop pro-
duction and animal farming (Fig. 24). Table 24 shows a
range of environmental impacts per kg of egg production
as a global average.

The types of environmental issues related to egg pro-
duction are largely the same as those related to meat and
dairy production (e.g. land use, manure and urea, nutri-
ent pollution of surrounding ecosystem, resource use on
farm including water and energy for housing) (see chap-
ters 8 and 9), which includes a significant proportion of
impacts from feed production (see chapters 3 and 5 for
more information on the environmental impacts of cere-
als and legumes). Antibiotic use, pathogen spread, and
animal welfare are also relevant to egg production, but
are beyond the scope of the current paper.

Nordic and Baltic context

Figure 25 shows the variation in environmental impacts of
egg consumption across the Nordic and Baltic countries

(page number not for citation purpose)

and how they relate to global limits. For example, if every-
one in the world had the same per person egg consump-
tion as Lithuania, it would use 15% of the global cropland
limit for food consumption and 14% of the nitrogen limit
for food consumption.

While the environmental impacts of egg consumption
might appear insignificant or relatively small compared
to other animal products such as meat and dairy, the
environmental impacts of egg consumption exceed the
impacts of other important food groups in a number of
ways within the region. For example, egg consumption
in Denmark has a greater environmental impact in terms
of GHGs, cropland, water, nitrogen, and phosphorus
than the consumption of root vegetables. In Estonia, egg
consumption requires more cropland than legumes and
roots combined. Egg consumption in Sweden requires
more nitrogen than fruits and vegetables, and more land
than the consumption of legumes and nuts combined.
In Lithuania, egg consumption uses more cropland and
emits more GHGs than those related to fruit and veg-
etable consumption. More freshwater is used for egg
consumption in Iceland compared to legumes and nuts
combined (Figs. 10 and 29).

Sweden is the biggest producer of eggs, followed by
Denmark and Finland. Denmark, Sweden, and Lativa
have the largest supply of eggs, followed by Estonia.
Finland and Latvia are net exporters of eggs, while
Denmark is the largest net importer followed by Estonia
(Table 25). For comparison, egg consumption in line with
a flexitarian diet that aligns with planetary boundaries up
to 2050 (if implemented in combination with medium-am-
bition technological measures to reduce inputs during
food production, and reductions in food loss and waste of
75%) recommends a daily maximum egg intake of 13 g, or
4.7 kg per year (as part of an average daily intake of 2,100
kcal) (14). Based on the annual supply data in Table 25, all
countries exceed this amount (on a per person basis), by
2-3 times. In contrast, using egg consumption data from
food diaries in Table 2, Sweden is the only slightly above
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Fig. 25. Impacts of egg consumption across the Nordic and Baltic countries in relation to the food portion of global environ-

mental limits (%)

Source: Global Nutrition Report 2021 (17) The analysis utilises country-specific food consumption and environmental footprint
data and relates them to the food portions of global environmental limits that is a global test to assess the impacts if everyone in
the world consumed at the given rate. The methods and data are described in Box 1 and presented in Appendices 1-3.

Table 25. Egg production, trade and supply across the Nordic and Baltic countries in 2019 (84)

Country Production Imports Exports Balance Food supply
(1,000 tonnes) (1,000 tonnes) (1,000 tonnes) (1,000 tonnes) (Kg/person/year)
Denmark 78 40 23 95 14
Estonia 9 11 2 18 13
Finland 76 3 12 67 I
Iceland 5 0 0 5 12
Latvia 46 16 31 31 14
Lithuania 48 18 21 45 12
Norway 71 | 0 72 12
Sweden 143 18 20 141 14

the flexitarian diet recommendations — consumption in all
other countries exceeds this amount.

Considerations for reducing environmental impacts of egg
consumption in Nordic and Baltic countries

Egg consumption in all countries exceeds amounts consis-
tent with planetary boundaries. While the environmental
impacts of egg consumption might appear insignificant
or relatively small compared to other animal products
such as meat and dairy, they should be considered within
the context of the amount of nutrients provided to diets
via egg consumption, and the potential to instead at least
partly achieve such nutrition from other less environmen-
tally burdensome sources as a contribution to reducing
the overall environmental impacts of nutritionally ade-
quate diets and the food system in line with key environ-
mental targets.
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Section 3:Additional food groups to
consider

NNR Food Group |: Breastfeeding

While breastfeeding is not a major area of concern regard-
ing the environmental impacts of food consumption
across the Nordic and Baltic countries, there is an emerg-
ing literature that demonstrates some considerations in
terms of reducing environmental impacts. The majority
of breast milk substitutes are based on bovine milk (from
cows, which are ruminant animals) and environmental
impacts occur largely from this ingredient. For example,
breast milk substitutes based on bovine milk assessed in 4
different countries (UK, China, Brazil, and Vietnam) all
revealed the majority (68-82%) of the GHGs impact of
production arise from raw milk. The remaining emissions
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arise from other ingredients including lactose or glucose
syrup, vitamins and minerals, and a blend of vegetable
oils; and transport, production and in-home sterilisation
of bottles, and preparation of breast milk substitutes. In
comparison, in all four countries the GHG impact of
breastfeeding was 40%, 53%, 43%, and 46% lower than
breast milk substitutes (203). Similarly, a recent study of
Norwegian consumption (204) found that 4 months exclu-
sive feeding with infant formula had an environmental
impact of 35-72% higher than 4 months exclusive breast-
feeding, depending on the impact category which included
global warming potential, terrestrial acidification, marine
and freshwater eutrophication, and land use. Bovine milk
was the main source of environmental impact across all
categories, for the infant formula. The environmental
impact of breastfeeding was based on the additional food
intake required for breastmilk production in lactating
mothers. Additionally, a recent analysis of UK consump-
tion estimated that breastfeeding for six months could
save 95-153 kg CO, equivalents per baby compared with
breast milk substitutes based on bovine milk — equivalent
to GHG emissions from 50,000 and 77,500 cars each year
in the UK (205). While it is possible to reduce the envi-
ronmental impacts of breast milk substitutes, it has been
demonstrated that for both Ireland and China, the GHG
emissions saved by achieving the minimum 50% Exclusive
Breast Feeding target are greater than decarbonising cur-
rent consumption (including breast milk substitutes) with
renewable energy alone (206).

Dairy milk production has a substantial environmental
burden in terms of GHGs, land use, nitrogen use, phos-
phorus impacts, freshwater use, and biodiversity loss, and
is explored in detail in ‘NNR Food Group 9: Milk and
dairy products’ (see chapter 9).

NNR Food Group 2: Drinks

The drinks group includes coffee, tea, sugar sweetened
and artificially sweetened drinks. However, sugar is cov-
ered in ‘NNR Food Group 12: Sweets and confectioner-
ies’ (see chapter 12); therefore, this chapter will focus on
tea and coffee, and plant-based drinks.

GHG Emissions
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e —

B Crop Production

Coffee (159, 1 cup)
Soymilk

B LandUse Change

Terrestrial Acidification
(% share, CML2 Baseline)

0% 20% 40% 60% 80% 100%

Global context

Globally, in 2019 10 million tonnes (mt) of coffee and 7 mt
of tea were produced. Brazil produced the largest quan-
tity of coffee in 2019 (3 mt), followed by Vietnam (1.6 mt)
and Columbia (0.9 mt). Tea production is concentrated
in east and south Asia, with China producing the largest
amount in 2019 (2.8 mt), followed by India (1.4 mt) (83).

The creation of tea plantations typically displaces
native forest and results in biodiversity loss (207).

Globally, coffee production was estimated to be the
sixth largest driver of deforestation — and thus biodi-
versity loss — from 2001 to 2015, contributing a slightly
smaller share than cocoa (see chapter 12), and around 24
times less deforestation in comparison to cattle (116).

The land use change impacts are reflected in the pro-
portion of environmental impacts across different stages
of the life cycle, with more than 10% of the GHGs related
to coffee resulting from land use change. Crop produc-
tion, that is on farm, is generally the most important life
cycle stage in terms of environmental impacts; however,
coffee has relatively large impacts associated with losses
(in comparison to other food products which typically
have less than 20% of life cycle impacts from losses e.g.
cereals). The impacts of soy milk tend to be more spread
across the stages, with retail having the largest proportion
of GHGs and acidification impacts, and crop produc-
tion causing the largest share of eutrophication impacts
(Fig. 26).

Table 26 shows a range of impacts related to coffee and
soy milk production. Note that the amounts given are per
kg of retail weight, and a cup of coffee typically requires
15 g of coffee; hence, the amounts shown represent coffee
for around 67 cups. In that case, 1 cup of coffee would,
for example, result in 0.4 kg CO,eq, in addition to the
resources used for water (e.g. energy for boiling), milk,
sweetener, and packaging (such as disposable cups or alu-
minium foil for individual portions for coffee machines).
Per cup of tea, the GHG impact has been estimated to
be up to 0.2 kg CO, depending on how it is grown, pro-
cessed, shipped, packed, brewed, and discarded. Loose
leaf tea has a smaller impact (around 10 times less) due to
a reduced need for packaging. Boiling water is one of the
highest energy-consuming aspects of tea beverages (207).
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Fig. 26. Proportion of environmental impacts from different life cycle stages: Coffee and soy milk (global) (2).
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Tuable 26. Average environmental impacts per kg of retail weight: Coffee and soy milk (global) (2)

Land use (m?%kg) Greenhouse gas emissions  Acidifying emissions Eutrophying emissions Freshwater
(kg CO,eqlkg) (g SO,eq/ke) (g PO, eqlkg) (Likg)
Coffee 21.6 285 83.1 110.5 26
Soy milk 0.7 1.0 2.6 I.1 28
Land use Greenhouse gas emissions
Dairy milk 8.95 m? Dairy milk 3.15kg
Oat milk 0.76 m? Rice milk
Soy milk 0.66 m? Soy milk
Almond milk 0.5 m? Oat milk
Rice milk |8 0.34 m* Almond milk 0.7 kg
Om? 2m? 4m? 6 m? 8 m? 0 kg 1kg 1.5kg 2kg 2.5kg 3kg
Freshwater use Eutrophication
Dairy milk 628.2 L Dairy milk 10.65 kg
Almond milk 37146 L Rice milk
Rice milk 269.81 L Qat milk
Oat milk Almond milk

Soy milk

OL 100L 200L 300L 400L 500 L

Soy milk

4 kg

O0kg 2kg 6kg 8kg 10kg

Source: Poore, J., & Nemecek, T. (2018). Reducing food’s environmental impacts through producers and consumers. Science.

QOurWorldInData.org/environmental-impacts-of-food « CC BY

Fig. 27. Environmental impacts of plant-based drinks, per litre (213).%

Figure 27 shows environmental impacts of a range
of plant-based drinks, with dairy milk included as such
drinks tend to be used in the same way, and plant-based
milk or plant-based dairy alternatives are mentioned in
many FBDGs (208). An increased demand for such alter-
natives is expected over the next decade and lactose mal-
absorption is highly prevalent in the global population
(including 28% of the population in western, southern,
and northern Europe), making it difficult to digest cow’s
milk (209). In terms of relative environmental impacts, all
plant-based drinks have lower impacts than dairy milk
across the range of metrics (Fig. 27). However, the nutri-
tional values can differ significantly between dairy and
plant-based in terms of saturated fat and cholesterol, and
also calcium and protein depending on whether they are
supplemented with nutrients. An analysis of 399 prod-
ucts (semi-skimmed cow’s milk and soy-, oat-, almond-,
coconut-, and rice drink) across 6 European countries

(including Sweden) found that 50% of the regular plant-
based drinks were fortified with calcium, whereas the
organic plant-based drinks were mostly unfortified. Soy
drink had the best protein quality to carbon footprint
ratio, followed by cow’s milk (210). However, it is import-
ant to note that fortification of dairy cow feed is common
practice, in amounts similar to that of plant-based dairy
alternatives (~140 mg of minerals and 1 mg vitamin per
100 g milk). The main difference between the fortified
plant-based dairy alternatives and dairy milk is in protein
content (211), which is unlikely to be a concern in most
developed/high income country settings where protein is
consumed well above the recommended level (212).
Many of the same issues related to soy milk, tea, and
coffee production (e.g. land use, land use change, fresh-
water use, nutrient pollution of surrounding ecosystems,
monocultures, intensive farming methods, soil erosion,
use of crop protection products, and biodiversity loss),

% Data based on a meta-analysis of life cycle assessment studies across the supply chain.
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Table 27. Coffee production, trade and supply across the Nordic and Baltic countries in 2019 (84)

Country Production Imports Exports Supply
(1,000 tonnes) (1,000 tonnes) (1,000 tonnes) (Kg/person/Year)
Denmark 0 50 8 73
Estonia 0 8 | 4.7
Finland 0 91 10 11.8
Iceland 0 3 0 8.9
Latvia 0 12 6 2.8
Lithuania 0 24 I 4.9
Norway 0 45 | 8.2
Sweden 0 135 34 10.1
Table 28. Tea production, trade and supply across the Nordic and Baltic countries in 2019 (84).
Country Production Imports Exports Balance Supply
(1,000 tonnes) (1,000 tonnes) (1,000 tonnes) (1,000 tonnes) (Kg/person/Year)
Denmark 0 6 | - 0.7
Estonia 0 0 0 - 0.3
Finland 0 | 0 - 0.2
Iceland 0 0 0 - 0.6
Latvia 0 | 0 - 0.3
Lithuania 0 I 0 - 0.3
Norway 0 | 0 - 0.2
Sweden 0 5 | - 0.4

apply to cereal, fruit, and legume production and are
therefore covered in detail in the relative chapters (see
chapters 3, 4, and 5 for more details). An additional issue
related to coffee production is a partial proportion (up to
40%) of the yield being dependent on pollinators (214).

Nordic and Baltic context

All countries are entirely dependent on tea and coffee
imports from tropical areas for national consumption
(Tables 27 and 28). In all countries, coffee is consumed
in much higher quantities in comparison to tea — in
some cases substantially more; for example, 59 and
41 times more coffee is consumed compared to tea in
Finland and Norway, respectively. Globally, Finland,
Sweden, Iceland, Norway, and Denmark have the 3rd,
4th, 5th, 6th, and 8th highest coffee consumption
respectively.

In terms of plant-based drink products on the Danish
market, recent testing revealed the protein content is
generally low, except for soy drinks, and the vitamin
and mineral content such as calcium may also be low if
not fortified (215). This difference might be important
for consumers with poor dietary diversity, or a reliance
on dairy milk for protein intake, for example [although
this is unlikely in a developed/high income country set-
ting where protein is generally consumed above recom-
mended levels (212)].
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Considerations for reducing environmental impacts of drinks
consumption in Nordic and Baltic countries

While tea and coffee consumption is not a major area in
terms of potential to reduce environmental impacts from
food consumption within the Nordic and Baltic countries,
there are some aspects to consider. For example, coffee con-
sumption could be reduced without a need for replacement,
to amounts that correlate positively with health. In addition,
herbal teas sourced from plants grown within the region (and
possibly considered weeds, such as nettles) could be alterna-
tives to imported tea. However, herbal teas do not contain
caffeine and therefore are not a functional replacement for
caffeinated drinks. Reducing the environmental impacts of
other ingredients added to coffee and tea, such as dairy milk,
could also be explored —for example, the replacement of dairy
milk with fortified plant-based drinks (see chapter 9 for con-
siderations on reducing the impacts of dairy consumption).
There are a number of measures to take regarding energy
consumption of boiling water, for example, using renewable
energy sources and more energy efficient equipment.

NNR Food Group 6: Nuts

Global context
At the global level, 131 mt nuts were produced in 2019
of which 48% were coconuts, and 38% were groundnuts
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Fig. 28. Proportion of environmental impacts from different life cycle stages: Nuts (global) (2).
Table 29. Average environmental impacts per kg of retail weight: Nuts (global) (2)
Land use Greenhouse gas emissions Acidifying emissions Eutrophying emissions Freshwater
(m?/kg) (kg CO,eq/kg) (g SO,eqlkg) (g PO, eq/ke) (Lkg)
Nuts 13.0 0.4 45.2 19.2 4,134
Groundnuts 9.1 32 22.6 14.1 1,852

(peanuts). Around 1% of total groundnut production was
used for farmed animal feed. Cashews and almonds each
accounted for ~3% of global production, and walnuts and
chestnuts each accounted for ~2%. Combined, Indonesia,
Philippines, and India produced 67% of all coconuts, and
China produced the largest quantity of groundnuts (37%
of the global total). The US produced the most almonds
and India produced the most cashews. China was the
main producer of walnuts and chestnuts (83).

The environmental impacts of tree nuts and ground-
nuts tend to be largely concentrated during the production
stages of the life cycle, particularly in terms of eutrophica-
tion for which crop production accounts for around 80%
of impacts. Tree nuts have a large carbon sequestration
effect through the process of photosynthesis, resulting in
a net negative land use change impact in terms of GHGs,
whereas groundnuts have net positive GHG emissions
related to land use change for crop production (Fig. 28).

Table 29 shows a range of environmental impacts per
kg of groundnut and tree nut production, as a global
average. Groundnuts generally have lower impacts com-
pared to tree nuts, except for GHGs. Groundnuts are a
leguminous crop and fix nitrogen during production;
hence, the need for nitrogen fertiliser is reduced. This
again highlights the importance of trade-offs regarding
environmental impacts — for example, selecting to increase
the production of groundnuts rather than tree nuts on the
basis of lower land use, acidifying emissions, eutrophying
impacts, and freshwater use would increase GHGs and
result in further land use change for crop production, in
turn adversely impacting biodiversity (which is not indi-
cated in Table 29). In addition to being important for
carbon storage, maintaining and increasing biodiversity
(depending on pesticide regimes and scale of monocul-
ture), trees also help to regulate weather across large areas
and can therefore be important from a micro-climate per-
spective, for example, rainfall and floods. Hence, there are
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important factors to consider beyond the utility of LCA
metrics in determining the relative costs and benefits of
increasing tree nut and groundnut production.

Many of the same issues related to nut production (e.g.
land use change, nutrient pollution of surrounding eco-
systems, monocultures, use of crop protection products,
biodiversity loss), apply to cereal and legume production
(see chapters 3 and 5 for more details). Additionally for
groundnuts, aflatoxins (produced by fungus Aspergillus
flavus) could be an increasing problem due to more fre-
quent weather extremes (flood and drought).

Nordic and Baltic context

Figure 29 shows the variation in environmental impacts
of nut and seed consumption across the Nordic and Baltic
countries and how they relate to the food portion of global
limits (as nuts consumed are imported, the majority of
impacts occur outside of the region). GHGs from nut and
seed consumption tend to account for the least impact
on planetary boundaries, with cropland being the biggest
impact, followed by freshwater and nitrogen use (biodiver-
sity impacts are not included in the LCA data presented
here). As nut consumption is recommended to increase
across the Nordic and Baltic countries, minimising such
impacts per unit of production would be beneficial in
order to reduce environmental burdens as consumption
rises. Precision agriculture, a method used to apply inputs
such as water and fertilisers in a direct rather than diffuse
way in appropriate amounts at the correct times, could
be important for minimising nitrogen and water use, and
agroforestry could be important in terms of land use as
the impacts could be spread across different crops and
potential leisure activities. While Table 29 shows envi-
ronmental impacts are generally lower for groundnuts
in comparison to tree nuts, there is potential to grow
tree nuts across the region (and possibly groundnuts in
sunnier areas with some protection). Large areas of the
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Fig. 29. Impacts of nut and seed consumption across the Nordic and Baltic countries in relation to the food portion of global
environmental limits (%).

Source: Global Nutrition Report 2021 (17) . The analysis utilises country-specific food consumption and environmental footprint
data and relates them to the food portions of global environmental limits that is a global test to assess the impacts if everyone in

the world consumed at the given rate. The methods and data are described in Box 1 and presented in Appendices 1-3.

Table 30. Tree nut and groundnut production and supply across the Nordic and Baltic countries in 2019 (84)

Country Production Imports Exports Balance Food supply
(1,000 tonnes) (1,000 tonnes) (1,000 tonnes) (1,000 tonnes) (Kg/person/year)
Denmark 0 34 6 28 42
Estonia 0 5 0 5 3.0
Finland 0 14 0 14 2.3
Iceland 0 | 0 | 2.8
Latvia 0 6 2 2.2
Lithuania 0 15 7 2.7
Norway 0 21 | 20 33
Sweden 0 40 5 35 3.2

region were covered in native Boreal forest; hence, there is
potential for tree growth in conjunction with other food
group changes. For example, reconfiguring portions of
permanent or temporary pastureland that displaced for-
est, with tree nut production — and reconfiguring portions
of animal feed crop land with groundnuts. Increasing
tree nut production could also make important contribu-
tions to climate (in terms of carbon sequestration) and
biodiversity goals. Hence, increasing the consumption of
nuts should be considered in conjunction with reduced
environmental impacts from shifts in other food groups,
rather than being considered as an increase in the overall
environmental burden of diets.

All countries are currently fully reliant on imports for
nut consumption. In all countries, nut consumption is dom-
inated by tree nuts, except for Finland where consumption
is equally shared with groundnuts. The lowest proportion

(page number not for citation purpose)

of groundnuts in relation to total nut intake is in Estonia,
where it accounts for 13%. In Latvia, groundnuts account
for 30% of total nut consumption, 32% in Denmark, 33%
in Iceland, 38% in both Lithuania and Sweden, and 43%
in Norway (84). For comparison, nut and seed consump-
tion in line with a flexitarian diet that aligns with planetary
boundaries up to 2050 (if implemented in combination
with medium-ambition technological measures to reduce
inputs during food production, and reductions in food
loss and waste of 75%), recommends a daily minimum nut
and seed intake of 50 g, or 18.3 kg per year (as part of an
average daily intake of 2,100 kcal) (14). Average supply of
tree nuts and groundnuts shown in Table 30 falls far short
in all 8 countries. Based on consumption amounts for nuts
in Table 2, consumption is below the amounts by at least
6-fold in all countries (there is no data on nut consumption
for Lithuania in Table 2).
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Considerations for reducing environmental impacts of nut
consumption in Nordic and Baltic countries
As a substantial increase in nut consumption would be
required across the region to meet current dietary guide-
lines (Table 2), or to align with recommended intakes in
the Planetary Health Diet, it is important to consider the
environmental impacts in an absolute and relative sense.
The main goal is to reduce the relative environmental
impacts of nuts per unit of production while also reducing
the absolute impacts of diets in terms of total food con-
sumption, by reducing environmental impacts through
shifts in other food groups that have higher environmental
impacts such as meat and dairy. We identify the following
considerations in relation to the environmental impacts of
increasing nut consumption:

e In a relative sense, the environmental impacts of nut
production per unit of output could be reduced through
the use of precision agriculture, polycultures, and
organic production methods (or similar), for example,
to reduce the impacts of crop protection products and
provide more opportunities for biodiversity. However,
the overall, or absolute impacts of nuts in the diet might
still increase due to an increase in consumption.

*  Reducing the disproportionately sized environmental
impacts of animal products (particularly meat and
dairy) will be important in reducing the total, or abso-
lute, environmental impacts of diets, and therefore in
creating ‘space’ for increased nut consumption. The
potential to shift some animal product consumption
to nuts could also be explored.

e The potential to increase nut production (such as
hazelnuts and acorns) within the region could be
included in a land use assessment, and also consid-
ered in relation to major environmental goals such
as climate — particularly in relation to carbon seques-
tration benefits of tree nut production, and biodi-
versity, and also in reducing nutrient pollution to
ecosystems such as the Baltic Sea. Hazelnuts have
a legacy in the region and could therefore provide a
useful starting point. A land use assessment would
bring a comprehensive perspective, which is import-
ant for avoiding increasing total environmental loads
through increased overall agricultural production, in

GHG Emissions
(% share, IPCC 2013)
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comparison to reducing overall environmental loads
through land use reconfiguration.

e Increasing nut production within the region could
help to reduce import dependency, and in turn the
potential insecurity of imports due to environmental
issues such as increased aflatoxin in production areas
more prone to weather extremes (e.g. Africa), and
water stress (e.g. China).

e Other options might be useful to explore; for exam-
ple, rather than increasing nut consumption to the
full extent in line with dietary guidelines, seeds (e.g.
sesame, linseed, or hemp), might provide nutritional
qualities and have lower environmental impacts.

NNR Food Group | I: Fats and oils

Global context
At the global level, 223 mt of fats and oils were produced
in 2019 of which 93% were vegetable oils. Palm oil was
produced in the largest quantity (75 mt) — accounting for
33% of total production, followed by soybean oil (60 mt),
rapeseed oil (24 mt), sunflower oil (20 mt) and pig fat (11
mt) (83). Globally, more than 300 million hectares of land
is used for oil crop production (216). The majority (68%)
of palm oil is used for human food, and 27% is used for
industrial applications including soaps. While palm oil is
consumed around the world, Indonesia accounts for 57%
of annual production, and Malaysia produces 27%. The
amount of land used globally for palm oil production has
increased from 4 million hectares in 1980 to 19 million
hectares in 2018, and is concentrated across the trop-
ics. Most of this land use is in Malaysia and Indonesia
(63%). In Indonesia, palm oil plantations are estimated
to account for 23% of deforestation over a 15-year period
from 2001 to 2016. Globally, from 2001-2015, oil palm
was responsible for around 25% more deforestation in
comparison to soy, and around 4 times less deforestation
in comparison to cattle (116).

The land use change impacts are reflected in the propor-
tion of environmental impacts across different stages of
the life cycle (Fig. 30). For example, palm oil and soybean

Freshwater & Marine Eutr.
(% share, CML2 Baseline)
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Fig 30. Proportion of environmental impacts from different life cycle stages: Oils (global) (2).

Citation: Food & Nutrition Research 2024, 68: 10539 - http://dx.doi.org/10.292 1 9/fnrv68.10539

57

(page number not for citation purpose)


http://dx.doi.org/10.29219/fnr.v68.10539

Helen Harwatt et al.

Tuable 31. Average environmental impacts per kg of retail weight: Oils (global) (2)

Land use Greenhouse gas emissions  Acidifying emissions Eutrophying emissions Freshwater

(m?/kg) (kg CO,eqlkg) (8 SO,eqlkg) (g PO, eqlke) (L/kg)
Soybean Oil 10.5 6.3 157 1.7 415
Palm Oil 24 73 17.5 10.7 6
Sunflower Oil 17.7 3.6 28.0 50.7 1,008
Rapeseed Oil 10.6 3.8 28.5 19.2 238
Olive Oil 26.3 54 37.6 37.3 2,142

sesameseEd Oil _ 204 bllllon ha

Cottonseed Oil 1.54 billion ha
Groundnut Oil 1.19 billion ha
Coconut Oil 846.69 million ha
Olive Qil 642.26 million ha
Soybean Oil 486.76 million ha
Rape and Mustard Oil 71\ 335.19 million ha
i
Sunflowerseed Oil 306.03 million ha
Palm Oil 76.97 million ha
0 ha 500 million ha 1 billion ha 1.5 billion ha 2 billion ha

Source: Calculated by Our World in Data based on data from the UN Food and Agriculture Organization (FAO)

QurWorldInData.org/palm-oil «+ CC BY

Fig 31. Area of land needed if each oil type alone was to meet global vegetable oil demand, 2018 (216).3!

oil have large GHG emissions associated with land use
change. Conversely, olive oil has net negative GHG emis-
sions related to land use change, due to olive trees seques-
tering carbon during photosynthesis. For olive, rapeseed
and sunflower oil, the majority of environmental impacts
occur during crop production.

None of the oils listed in Table 31 have the lowest rela-
tive impacts across the board. For example, palm oil has
the lowest impacts in comparison to the other oils listed,
except for acidifying emissions, where soybean oil has a
lower impact. This variation across the oils in terms of
relative environmental impacts demonstrates the trade-
offs involved in assessing environmental sustainability of
food and diets. It also omits information that is important
when assessing potential shifts, such as growing condi-
tions. For example, palm is a tropical fruit and hence its
production location is limited to the tropics.

Focusing on single metrics, such as land use, when
assessing potential to reduce environmental impacts
can also be problematic. For example, as demonstrated
in Fig. 31, shifting all oil production to palm oil would

reduce the overall land requirements for oil production,
but as indicated by Table 31, this shift would in turn
increase GHGs. It also fails to account for location-spe-
cific impacts relating to crop production, for example,
growing sunflower seeds in a temperature climate in
comparison to clearance of carbon and biodiversity rich
forest in the tropics to grow palm oil (the area needed
for palm oil equates to a 4-fold increase from the cur-
rent crop area of 19 million ha). Hence, in some cases, a
shift to other oils could potentially have a lower overall
impact, for example, replacing some palm oil in Europe
with rapeseed or sunflower oil. However, the substitut-
ability of palm oil depends on its intended use — it is a
largely unique oil in terms of its use in food products.
A more effective strategy would be to reduce the use of
palm oil in diets/food manufacture, and also to consider
shifting palm oil used for biofuels, as a way to reduce
overall demand more substantially (216). Nutritional
properties should also be considered, for example, the
requirement for poly unsaturated fatty acid rather than
saturated fat.

3! Lland use per crop assumes that all vegetable oil is produced from that crop alone.
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Tuble 32. Vegetable oil** production, trade and consumption across the Nordic and Baltic countries in 2019 (84)

Country Production Imports Exports Balance Food supply
(1,000 tonnes) (1,000 tonnes) (1,000 tonnes) (1,000 tonnes) (Kg/personl/year)

Denmark 247 724 368 603 2
Estonia 53 34 71 16 13
Finland 70 178 43 205 3
Iceland 2 10 2 10 I
Latvia 68 103 26 145 16
Lithuania 128 239 97 270 10
Norway 96 571 100 567 5
Sweden 139 880 175 844 8
Table 33. Animal fat*® production, trade and supply across the Nordic and Baltic countries in 2019 (84)

Country Production Imports Exports Balance Food supply

(1,000 tonnes) (1,000 tonnes) (1,000 tonnes) (1,000 tonnes) (Kg/personl/year)

Denmark 269 184 301 152 19
Estonia 9 4 5 8 5
Finland 134 69 45 158 15
Iceland 63 8 49 22 18
Latvia 44 10 10 44 22
Lithuania 87 27 76 38 10
Norway 17 194 91 220 I
Sweden 172 45 25 192 17

Nordic and Baltic context

All countries, with the exception of Estonia which is a net
exporter, are dependent on vegetable oil imports to meet
national supply. Norway and Sweden have the highest
dependency on imports (Table 32). A flexitarian diet that
aligns with planetary boundaries up to 2050 (if imple-
mented in combination with medium-ambition techno-
logical measures to reduce inputs during food production,
and reductions in food loss and waste of 75%) recom-
mends a daily maximum vegetable oil intake of 80g, or
29.2 kg per year, in addition to a maximum intake of 2.5
kg of palm oil per year (as part of an average daily intake
of 2,100 kcal) (14). Based on the annual supply data in
Table 32, all countries consume below this amount, from
2 to around 15-fold (on a per person basis). Vegetable oil
consumption data from national food diaries (i.e. Table 2)
is not available for comparison.

Finland, Norway, and Sweden are net importers of
animal fats, whereas Denmark, Iceland, and Lithuania
are net exporters (Table 33). Denmark, Finland, Iceland,
Latvia, Norway, and Sweden all consume a larger amount
of animal fats per person in comparison to vegetable oils.
Only Estonia has a lower consumption of animal fats

in comparison to vegetable oils, on a per person basis
(Tables 32 and 33).

Considerations for reducing environmental impacts of oil and fat
consumption in Nordic and Baltic countries
The main considerations are:

*  Consider the overall consumption needed in healthy
plant rich diets.

e Shift from animal to (mostly unsaturated) plant-
based fats for human consumption.

e Focus consumption on local (e.g. rapeseed, sun-
flower) over imported palm or soy oil if the envi-
ronmental impacts are lower and health impacts are
equal or improved.

NNR Food Group 12: Sweets and
confectioneries

Global context
Due to a lack of environmental impact assessment data
on processed food products (which are generically covered

32 Includes: Rape and mustard (majority), palm, soya bean, sunflower; olive, coconut, groundnut, sesame, and ricebran.

# Includes: cream (majority), butter; fish body oil and fish liver oil.
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Fig. 32. Proportion of environmental impacts from different life cycle stages: Sweets and confectioneries (global) (2).

Tuble 34. Average environmental impacts per kg of retail weight: Sweets and confectioneries (global) (2)

Land use Greenhouse gas emissions  Acidifying emissions Eutrophying emissions Freshwater

(m?/kg) (kg CO,eq/kg) (g SO,eqlkg) (g PO eq/kg) (Lkg)
Cane sugar 2.0 32 18.0 16.9 620
Beet sugar 1.8 1.8 12.6 5.4 218
Dark chocolate 69.0 46.7 46.3 87.1 54|

in chapter 15), this chapter focuses on some of the key
commodity crops that are major constituents of sweets
and confectioneries — sugar and cocoa. In addition, a
number of important foods relevant to sweets and confec-
tioneries are covered in other chapters, including cereals
(chapter 3), dairy (chapter 9), eggs (chapter 10), and oils
and fats (chapter 11).

Sugar cane is produced in higher quantities than any other
crop. At the global level, 2 billion tonnes of sugar cane, 280
million tonnes of sugar beet and 6 million tonnes of cocoa
beans were produced in 2019. Around 3.5% of sugar cane
and 6% of sugar beet was used for farmed animal feed. Sugar
cane is generally grown in tropical and subtropical regions.
Brazil produced the most sugar cane in 2019 (752 mt), fol-
lowed by India (405 mt) and Thailand (131 mt). Sugar beet
production is concentrated in temperate regions of the north-
ern hemisphere. Russia produced the most sugar beet in 2019
(54 mt), followed by France (38 mt) and Germany (30 mt).
Cocoa beans are generally grown in tropical and subtropical
regions. Cote d’Ivoire produced the largest quantity of cocoa
beans (2 mt), followed by Ghana (0.8 mt) and Indonesia (0.8
mt) (83). Globally, cocoa production was estimated to be the
fourth largest driver of deforestation — and thus biodiversity
loss — from 2001 to 2015, contributing a slightly larger share
than coffee, and around 20 times less deforestation in com-
parison to cattle (116).

The land use change impacts are reflected in the pro-
portion of environmental impacts across different stages
of the life cycle, with more than half of the GHGs related
to dark chocolate resulting from land use change — despite
cocoa being a seed from tree fruit. Crop production is
most important in terms of eutrophication impacts; how-
ever, other stages (mainly transport) are also important

for GHGs and acidification impacts of beet and cane sug-
ars (Fig. 32).

On a per unit basis, beet sugar has lower environmental
impacts than cane sugar across the spectrum of metrics
shown in Table 34. Sugar cane is produced from a grass
(sugar beet is a root) and generally requires more process-
ing in comparison to sugar beet, although this does not
account for the majority of the difference in impacts.

Many of the same issues related to sugar and cocoa pro-
duction (e.g. land use, land use change, freshwater use, nutri-
ent pollution of surrounding ecosystems, monocultures,
intensive farming methods, soil erosion, use of crop pro-
tection products, and biodiversity loss), apply to cereal and
legume production (see chapters 3 and 5 for more details).
An additional issue related to cocoa bean production is a
very high (>90%) yield dependency on pollinators (214).

Considerations for reducing environmental impacts of sweets
and confectioneries consumption in Nordic and Baltic countries
Figure 33 shows the variation in terms of the impacts of
sugar consumption across the Nordic and Baltic countries
and how they relate to the food portion of global envi-
ronmental limits. For example, if everyone ate the same
amount of sugar as Lithuania it would use over 70% of
the global freshwater limit for food consumption. The
impacts are highest in terms of freshwater use, but nitro-
gen and phosphorus use are also substantial, and crop-
land to a lesser extent.

Annual supply of sugar per person varies among the
countries, being 42 kg in Denmark, 20 kg in Estonia, 33
kg in Finland, 30 kg in Iceland, 26 kg in Latvia, 30 kg in
Lithuania, 27 kg in Norway and 33 kg in Sweden in 2019
(84).** In comparison, a flexitarian diet that aligns with

* Food supply quantity (per person per year) of sugar (raw equivalent) in 2019.
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Fig. 33. Impacts of sugar consumption across the Nordic and Baltic countries in relation to the food portion of global environ-

mental limits (%).

Source: Global Nutrition Report 2021 (17). The analysis utilises country-specific food consumption and environmental footprint
data and relates them to the food portions of global environmental limits that is a global test to assess the impacts if everyone in
the world consumed at the given rate. The methods and data are described in Box 1 and presented in Appendices 1-3.

planetary boundaries up to 2050 (if implemented in com-
bination with medium-ambition technological measures to
reduce inputs during food production, and reductions in
food loss and waste of 75%) recommends a daily maximum
sugar intake of 31 g, or 11.3 kg per year (as part of an aver-
age daily intake of 2,100 kcal) (14). Based on the annual
supply of sugar, all countries consume above this amount,
by around 2 to 4-fold (on a per person basis). Sugar con-
sumption data from national food diaries (i.e. Table 2) is
not available for comparison.

The biggest challenge in relation to sweets and con-
fectioneries is reducing their consumption in line with
dietary recommendations. However, there are a number
of considerations for reducing environmental impacts:

*  Replacing sweets and confectioneries as much as pos-
sible with a diversity of nutritious foods (such as nuts,
seeds, pulses/legumes, grains, and fruits/vegetables)
would likely reduce environmental impacts of diets
overall, and free up agricultural land and resources
that in turn could enable an increased production
of such foods while also providing a nutritional and
health benefit. Any continued consumption of sweets
and confectioneries (i.e. that meet health criteria)
should be plant-based (e.g. made without dairy and
animal fats where possible to minimise negative envi-
ronmental impacts) and should diversify ingredients
to help promote a diversity of crop production from
farming techniques that favour biodiversity and min-
imise adverse environmental impacts. For example,
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carob (a nitrogen fixing leguminous crop) could be
explored as an alternative to cocoa.

*  More understanding of complex food products and
supply chains relative to the Nordic and Baltic coun-
tries (and their impacts, such as deforestation) would
help to shape recommendations on sweets and con-
fectioneries from an environmental sustainability
perspective. Sugar taxes that help reduce imports
could provide a useful tool if carefully planned.

NNR Food Group 15: Ultra processed
foods

Global context

The risks and benefits of ultra-processed foods (UPF)
have, until recently, largely been understudied. The defi-
nition of UPF itself can be contested (217). The NOVA
classification system has been endorsed by the WHO/
FAO and is a widely accepted definition in the scientific
literature (218, 219). NOVA classifies all foods and food
products into one of four categories due to the nature and
extent of industrial processing to which they have been
submitted (unprocessed and minimally processed; pro-
cessed culinary ingredients; processed foods; and UPF)
(217). In this classification, UPFs are ‘ready-to-consume
and ready-to-heat formulations, made by combining sub-
stances derived from foods with cosmetic additives, typ-
ically through a series of industrial processes’ and often
contain little or no whole foods. Some examples of UPFs
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Fig 34. Ultra-processed food sales (kg) per capita by region 2006-2019 with projections to 2024 (223).%

are biscuits, confectionery, reconstituted meats, marga-
rine, and many ready-made meals (220).

The definition of UPF is still contested in some areas,
with a resistance to classifying foods as ultra-processed
because they contain certain additives, irrespective of their
full nutritional profile or an argument that these foods are
discretionary and can still play a role in a balanced diet.
Nevertheless, there is growing concern that the average
global diet has quickly transitioned to a highly processed
form. Since the 1950’s, UPFs have been increasingly con-
sumed in high income countries and now contribute to a
substantial proportion of energy intake (e.g. more than
50% in the USA and UK; and more than 33% in Australia
and France) (221). From around 1980 onwards, follow-
ing the globalisation of food systems, consumption of
UPFs began to increase in middle-income countries and
now accounts for 30%, 29%, and 22% of energy intake in
Mexico, Chile, and Brazil, respectively (222). UPF con-
sumption is also rising in lower income countries within
Asia, Africa, and Latin America (221).

A general observation is that as country income rises,
greater volumes and a wider variety of UPFs are sold.
At first, high-income groups account for the majority of
UPF consumption within a country. Then, as a country

* Analysis includes all Nordic and Baltic countries except Iceland.
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continues to prosper, and similar to trends in obesity
prevalence, low-income groups begin to account for the
majority of UPF consumption (223). There are, however,
large variations within these trends at regional and coun-
try levels. Sales volumes are highest in Australasia, North
America, Europe, and Latin America, yet growing most
rapidly in Asia, the Middle East, and Africa (Fig. 34).
UPF transitions are closely linked with the industriali-
sation of food systems (the mass production of primary
agricultural commodities), technological change (conver-
sion of these commodities into a diverse range of cheaper
ingredients available for use in food manufacturing), and
globalisation (opening up market opportunities) and
diet-related ill-health associated with excessive energy
(kcal) consumption or risks associated with non-sugar
sweeteners (223).

Currently, there is a paucity of evidence in terms of
environmental impacts of UPFs and their role in environ-
mentally sustainable diets (220). One analysis of food con-
sumed in Australia estimated that ‘discretionary foods’,
which includes UPFs, accounted for 29.4% of diet-related
GHGs (224). An assessment of UK consumption found
that UPFs had lower GHGs and were cheaper to buy
compared to minimally processed foods, yet there were of

Citation: Food & Nutrition Research 2024, 68: 10539 - http://dx.doi.org/10.29219/fnr.v68.10539


http://dx.doi.org/10.29219/fnr.v68.10539

a lower nutritional quality (225). An important concern
with UPFs is not necessarily processing per se, but their
high palatability and ability to encourage overconsump-
tion of energy (kcal) with minimal nutritional benefit. This
has direct consequences for the environment. For example,
many UPFs contain palm and soy oils, which have sub-
stantial negative environmental effects on land use change,
such as deforestation (see chapter 11: fats and oils) (220).
The impacts of UPFs on agrobiodiversity are an emerg-
ing area of research. One concern is that UPFs displace
the cultivation and consumption of fresh and minimally
processed foods, and in turn further the reduction of crop
diversity as their ingredients tend to be sourced from a few
high-yielding plant species grown as global commodities in
monocultures (such as sugar, maize, and wheat) (221). The
homogeneity of agricultural landscapes reduces opportuni-
ties for wildlife by limiting the types of habitats and avail-
able resources (3). UPFs containing animal products such
as meat further increase their environmental impacts due
to the feed requirements for farmed animals (particularly
if the feed is sourced from large scale monocultures and
limited to a few crop types), in addition to the large envi-
ronmental impacts of animal farming (see chapter 8 for
more information on the inefficiency of and environmental
impacts of animal feed and farmed animals) (221).

Nordic and Baltic context
Taking the global context regarding UPFs, the same con-
cerns would apply in the Nordic context. For example,
absolute (system level) vs relative environmental impacts of
UPFs, and contribution to land use change and biodiver-
sity loss via imports as consumption rises. Some countries
already have a high consumption of UPFs (e.g. Iceland,
where UPFs account for 40% of adult energy intake) (226).
To assess UPFs in relation to the Nordic and Baltic
countries it is considered essential to define them ade-
quately and consistently. For example, using the NOVA
definition might lead to the assumption that processing is
generally a negative aspect of food production, and that
all ready meals are nutritionally inadequate (which is not
the case). It is also unclear how plant-based meat replace-
ment products relate to UPFs, since some are highly
processed, and others are less processed. In some cases,
such as in Finland, meat replacements made from local
grains and pulses, such as fava beans, peas, and oats, have
high-quality nutrition profiles in terms of low contents of
salt and saturated fat and also have a high-quality amino
acid profile. In some cases, processing can also make
plant-based ingredients more digestible and thus make
their nutrients more bioavailable. Therefore, nutritional
adequacy (or inadequacy) may sometimes be problematic
to associate with food processing.

Sustainable food production and consumption in the Nordic and Baltic region

Increasing consumption of discretionary/ultra pro-
cessed foods is mostly considered a health issue in the
region, rather than an environmental issue, due to lack of
data on environmental impact of these products. Some of
the increase in consumption is attributed to a lack of time
and knowledge needed for home cooking, while intense
marketing and high palatability might also play a role,
along with price and availability. Hence, interventions to
reduce discretionary/ultra processed food consumption
could usefully consider such aspects.*

Considerations for reducing environmental impacts of ultra
processed foods in Nordic and Baltic countries

The biggest challenge in relation to reducing the environ-
mental impacts of UPFs is reducing their consumption
across populations that are increasingly accustomed to
their lower price, taste, and convenience. However, there
are several important considerations for reducing environ-
mental impacts:

e Replacing UPFs, that is, foods that are discretionary
in terms of nutritional requirements, as needed with a
diversity of nutritious foods (such as nuts, seeds, pulses/
legumes, grains, and fruits/vegetables) would likely
reduce environmental impacts of diets overall, and a
reduced agricultural production of ingredients used
in UFPs could allow more cropland to be used for the
production of such nutritious foods. Potential barriers
to implementation, such as lack of knowledge of ingre-
dients and cooking/preparation methods, should be
considered.

*  Any consumption of UPFs should not exceed an
amount that would result in higher energy, salt, sucrose,
or saturated fatty acid contents than recommended,
should be plant-based and should diversify ingredients
to help promote a diversity of crop production from
farming techniques that favour biodiversity and mini-
mise adverse environmental impacts (222).

e More understanding of complex food products and sup-
porting supply chains relative to the Nordic and Baltic
countries would help to shape recommendations on
UPFs from an environmental sustainability perspective.

Section 4: Key environmental
sustainability considerations for food
consumption in the Nordic and Baltic
region

This paper’s principal conclusion is that, even though
environmental impacts differ between different produc-
tion systems and region-specific circumstances, the pri-
mary determinant of the environmental impact of food

% Please note: This information was provided by regional experts during a series of workshops and has not been verified.
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consumption is not the production system or place, but
what is consumed, and its quantity. In short, substantially
reducing the consumption of animal-sourced foods (par-
ticularly meat and dairy) is the key approach to reducing
adverse environmental impacts at the system, aggregate
or absolute level. Radical changes to current consumption
patterns are urgently required to provide the best chance
of avoiding the worst impacts of climate change and eco-
system destabilisation. We therefore focus our advice for
reducing the environmental impacts of food consumption
in the Nordic and Baltic countries on measures that could
be implemented in the immediate to short term. We rec-
ognise that other options might become relevant in the
medium to long term, such as effective methods to reduce
methane emissions from farmed animals, and novel food
production technologies, such as precision fermentation,
cell-cultured foods, controlled-environment farming and
algae production that could improve the environmen-
tal performance of food systems. However, the required
change is large and immediate enough to necessitate
change in both food production and consumption.
Delaying remediation of today’s burgeoning environmen-
tal impacts of the food system in the hope they will be
resolved by technologies in the future is a very high-risk
strategy that should be avoided.

The overarching advice for all countries, in line with
the current body of scientific literature, is to shift to more
plant-based dietary patterns — and avoid food waste.
From this, we can deduce that there is high potential and
necessity to shift food consumption across the Nordic and
Baltic countries to minimise its environmental impacts.
The extent to which this is necessary depends on current
consumption patterns. More specifically, we suggest the
following as priority interventions for increasing the envi-
ronmental sustainability of food consumption:

*  Reduce meat and dairy consumption substantially
and increase the consumption of legumes/pulses,
whole grains, vegetables, fruits, nuts, and seeds — and
explore the potential to increase consumption of wild
berries (while potential impacts on wildlife should
also be considered) and cultivation of legumes/pulses,
vegetables, and grains within the region.

*  Explore potential seafood shifts from species with
higher impacts to species with lower impacts (e.g.
seaweed, bivalves), and explore options for direct
human consumption of omega-3 fatty acids, for
example, microalgae as a replacement for salmon.
Due to the potentially large-scale impacts on ecosys-
tems and the largely unknown nature of fish stocks
globally, a precautionary approach to the fish and
seafood food group is essential — particularly in rela-
tion to pursuing an increase in consumption. More
information is required before any targeted increase
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in fish consumption in the Nordic and Baltic coun-
tries could be justified from an environmental sus-
tainability perspective, and also from a food security/
risk perspective.

*  Explore options that support a reduction in con-
sumption of animal products and have potential to
increase provision of plant-based foods through feed-
to-food shifts. This is relevant to cereals and pulses,
as well as nuts, vegetables, and fruits.

In addition to the specific suggestions above, we
identify a number of overarching, broader points for
consideration:

e Identifying suitable options for reducing the environ-
mental impacts of dietary consumption should be in
conjunction with a nutritional assessment to ensure
that food shifts align with nutritional adequacy and
positive health impacts at the dietary level. This is
explored in a subsequent paper in this series (60).

e Changes to demand and supply are needed to align
food systems with environmental thresholds. In this
context, where consumption of fruits and vegetables
must increase, shifting production methods could
help to further reduce environmental impacts (par-
ticularly water and fertiliser use). In addition, fruits
and vegetables that require less resources to produce
could be prioritised if in alignment with the require-
ments of a healthy diet.

e The literature suggests that cultivation methods such
as those used in organic production (or similar) result
in greater biodiversity benefits. At the global level it
is only possible to convert agricultural production to
such methods in conjunction with substantial shifts
in demand to mostly plant-based diets (3, 70, 227).

e The total impacts of food consumption must be
considered, including imports, and the impacts must
include biodiversity. Impacts must be considered
in terms of environmental thresholds at the local,
regional, and global levels.

* National strategies that facilitate changes to food
consumption and production (including exports)
should consider the complexity of trade-offs and
location-specific impacts and contexts, and implica-
tions for trade. An important part of such strategies
would be a comprehensive review to identify and
explore the range of issues including human health
and social impacts, animal welfare, and current and
emerging threats, for example, antimicrobial resis-
tance and zoonotic-driven pandemics.

* A national land use assessment could inform opti-
mal land uses for meeting a range of environmen-
tal goals, also accounting for the environmental
impacts of food imports in producer countries. One
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important inclusion would be an assessment of pas-
ture land in terms of its current value and necessity
for food production and the potential for alternative
food production such as agroforestry of tree nuts,
or other uses to help meet social and environmen-
tal goals (i.e. mitigating and adapting to climate
change and restoring biodiversity), such as restor-
ing portions of native ecosystems (e.g., Boreal forest
in countries with some territory in the Boreal forest
zone including Norway, Sweden, Finland, Estonia,
Lithuania, and Latvia).

* The national strategies and land use assessments
could usefully apply the five key considerations iden-
tified in the first paper in this series as consistent
framings: 1) Consider the thresholds, 2) Consider
the system, 3) Consider the variables, 4) Consider the
context, and 5) Consider the spill over (13).

*  The overarching approach to reducing the environ-
mental impacts of food consumption must not be
limited to the realities of today’s market and other
socio-political determinants. The potential impacts
and risks of environmental destabilisation on food
production and supply (including those related to cli-
mate change and biodiversity loss, such as tempera-
ture extremes, droughts, and floods) should also be
considered.

¢ While urgent and fundamental changes to food pro-
duction and consumption are required to help meet
climate change and biodiversity goals (81), tackling
such issues does not remove the need for urgent
reform in other sectors, including energy. Instead,
transformation of food systems must be incorporated
as one part of a comprehensive ‘green transition’ plan
that includes all systems.
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in addition to the background papers developed in the
NNR2023 project.

References

1. Halpern BS, Frazier M, Verstaen J, Rayner P-E, Clawson G,
Blanchard JL, et al. The environmental footprint of global
food production. Nat Sustain 2022; 5(12): 1027-39. doi:
10.1038/s41893-022-00965-x

2. Poore J, Nemecek T. Reducing food’s environmental impacts
through producers and consumers. Science 2018; 360(6392):
987-92. doi: 10.1126/science.aaq0216

3. Benton TG, Bieg C, Harwatt H, Pudasaini R, Wellesley L.
Food system impacts on biodiversity loss: three levers for food
system transformation in support of nature. London: Chatham
House; 2021. Available from: https://www.chathamhouse.org/
[cited 1 November 2022].

4.  Williams DR, Clark M, Buchanan GM, Ficetola GF, Rondinini
C, Tilman D. Proactive conservation to prevent habitat losses
to agricultural expansion. Nat Sustain 2020; 4(4): 314-22. doi:
10.1038/s41893-020-00656-5

5. Bodirsky BL, Dietrich JP, Martinelli E, Stenstad A, Pradhan
P, Gabrysch S, et al. The ongoing nutrition transition thwarts
long-term targets for food security, public health and environ-
mental protection. Sci Rep 2020; 10(1): 19778. doi: 10.1038/
s41598-020-75213-3

6. Clark MA, Domingo NGG, Colgan K, Thakrar SK, Tilman
D, Lynch J, et al. Global food system emissions could preclude
achieving the 1.5 degrees and 2 degrees C climate change targets.
Science 2020; 370(6517): 705-8. doi: 10.1126/science.aba7357

65

(page number not for citation purpose)


http://dx.doi.org/10.29219/fnr.v68.10539
https://doi.org/10.1038/s41893-022-00965-x
https://doi.org/10.1126/science.aaq0216
https://www.chathamhouse.org/
https://doi.org/10.1038/s41893-020-00656-5
https://doi.org/10.1038/s41598-020-75213-3
https://doi.org/10.1038/s41598-020-75213-3
https://doi.org/10.1126/science.aba7357

Helen Harwatt et al.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Springmann M, Godfray HC, Rayner M, Scarborough P.
Analysis and valuation of the health and climate change
cobenefits of dietary change. Proc Natl Acad Sci U S A 2016;
113(15): 4146-51. doi: 10.1073/pnas. 1523119113

IPCC. Summary for policymakers. In: Lee H, Romero J, edi-
tors. Climate Change 2023: synthesis report. Contribution of
Working Groups I, IT and III to the Sixth Assessment Report
of the Intergovernmental Panel on Climate Change. Geneva:
IPCC; 2023. Available from: https://www.ipcc.ch/report/ar6/
syr/resources/spm-headline-statements/ [cited 1 May 2023].
Steffen W, Richardson K, Rockstrom J, Cornell SE, Fetzer I,
Bennett EM, et al. Sustainability. Planetary boundaries: guid-
ing human development on a changing planet. Science 2015;
347(6223): 1259855. doi: 10.1126/science. 1259855
Wang-Erlandsson L, Tobian A, van der Ent RJ, Fetzer I, te
Wierik S, Porkka M, et al. A planetary boundary for green
water. Nat Rev Earth Environ 2022; 3(6): 380-92. doi: 10.1038/
$43017-022-00287-8

Persson L, Carney Almroth BM, Collins CD, Cornell S, de Wit
CA, Diamond ML, et al. Outside the safe operating space of
the planetary boundary for novel entities. Environ Sci Technol
2022; 56(3): 1510-21. doi: 10.1021/acs.est.1c04158
Schulte-Uebbing LF, Beusen AHW, Bouwman AF, de Vries W.
From planetary to regional boundaries for agricultural nitro-
gen pollution. Nature 2022; 610(7932): 507-12. doi: 10.1038/
s41586-022-05158-2

Benton TG, Harwatt H, Heyer A, Meltzer HM, Trolle E,
Blomhoff R. An overview of approaches for assessing the
environmental sustainability of diets — a scoping review for
Nordic Nutrition Recommendations 2023. Food Nutr Res.
2024; 68. doi: 10.29219/fnr.v68.10453

Springmann M, Clark M, Mason-D’Croz D, Wiebe K,
Bodirsky BL, Lassaletta L, et al. Options for keeping the food
system within environmental limits. Nature 2018; 562(7728):
519-25. doi: 10.1038/s41586-018-0594-0

Springmann M, Mozaffarian D, Rosenzweig C, Micha R.
What we eat matters: health and environmental impacts of
diets worldwide. In: Micha R, editor. 2021 Global Nutrition
Report: the state of global nutrition. Bristol, UK: Development
Initiatives; 2021; pp. 35-49.

Sachs JD, Lafortune G, Fuller G, Drumm E. Implementing
the SDG stimulus. Sustainable Developent Report 2023. Paris:
SDSN; 2023.

Global Nutrition Report. Country nutrition profiles. Available
from: http://www.globalnutritionreport.org/resources/nutrition-
profiles [cited 1 June 2023]

Webb P, Benton TG, Beddington J, Flynn D, Kelly NM,
Thomas SM. The urgency of food system transformation is
now irrefutable. Nat Food 2020; 1(10): 584-85. doi: 10.1038/
$43016-020-00161-0

Rockstrom J, Gupta J, Qin D, Lade SJ, Abrams JF, Andersen
LS, et al. Safe and just earth system boundaries. Nature 2023;
619(7968): 102—11. doi: 10.1038/s41586-023-06083-8

Karlsson J, Ro6s E, Sjunnestrand T, Pira K, Larsson M,
Andersen BH, et al. Future Nordic diets. Exploring ways for
sustainably feeding the Nordics. Copenhagen: Nordic Council
of Ministers; 2017.

Mittenzwei K, van Oort B. Hvordan oke selvforsyningsgra-
den i norsk jordbruk? Notat 3/22. Oslo/Trondheim: Ruralis;
2022.

Bakken AK, Mittenzwei K. Produksjonspotensial i jord-
bruket og nasjonal sjolforsyning med mat. Utredning for
Klimautvalget 2050. Trondheim: NIBIO; 2023.

(page number not for citation purpose)

24.

25.

26.
27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

FAO. Food and agriculture statistics. Available from: https://
www.fao.org/food-agriculture-statistics/en/ [cited 02 February
2023].

FAO. FAOSTAT. Definitions and standards used in FAOSTAT.
Available from: https://www.fao.org/faostat/en/#definitions
[cited 12 February 2023].

Springmann M, Spajic L, Clark MA, Poore J, Herforth A,
Webb P, et al. The healthiness and sustainability of national
and global food based dietary guidelines: modelling study.
BMJ 2020; 370: m2322. doi: 10.1136/bmj.m2322

CML. CML2 baseline method 2000. 2001.

FAO. FAOSTAT. Land use. Available from: https://www.fao.
org/faostat/en/#data/RL [cited 12 February 2023].

Research Institute of Organic Agriculture (FiBL). FiBL sta-
tistics. Organic area. Available from: https:/statistics.fibl.org/
europe/area.html [cited 12 February 2023].

European Commission. Factsheet: from farm to fork: our food,
our health, our planet, our future 2020. Available from: https://
ec.europa.eu/commission/presscorner/detail/en/fs_20_908
[cited 12 February 2023].

Herzon I, Raatikainen KJ, Wehn S, Rasipa S, Helm A, Cousins
SAOQ, et al. Semi-natural habitats in boreal Europe: a rise of a
social-ecological research agenda. Ecol Soc 2021; 26(2):13. doi:
10.5751/es-12313-260213

Lemming EW, Pitsi T. The Nordic Nutrition Recommendations
2022 - food consumption and nutrient intake in the adult pop-
ulation of the Nordic and Baltic countries. Food Nutr Res
2022; 66: 8572. doi: 10.29219/fnr.v66.8572

Nordic Council of Ministers. Nordic Nutrition Recommendations
2012 — integrating nutrition and physical activity. Copenhagen:
Nordic Council of Ministers; 2014.

Andersen JLM, Halkjaer J, Rostgaard-Hansen AL,
Martinussen N, Lund AQ, Kyro C, et al. Intake of whole grain
and associations with lifestyle and demographics: a cross-
sectional study based on the Danish Diet, Cancer and Health-
Next Generations cohort. Eur J Nutr 2021; 60(2): 883-95. doi:
10.1007/s00394-020-02289-y

Pedersen AN, Christensen T, Matthiessen J, Kildegaard
Knudsen V, Rosenlund Serensen M, Biltoft-Jensen AP,
et al. Danskernes kostvaner 2011-2013. Seborg: DTU
Fodevareinstituttet; 2015.

Nurk E, Nelis K, Saamel M, Martverk M, Nelis L. National
Dietary Survey among 11-74 years old individuals in Estonia.
EFSA Support Publications 2017; 14(4): 1198. doi: 10.2903/
sp.efsa.2017.EN-1198

Valsta L, Kaartinen N, Tapanainen H, Ménnisto S, Sdaksjarvi
K. Ravitsemus Suomessa — FinRavinto 2017 -tutkimus
(Nutrition in Finland — The National FinDiet 2017 Survey).
Helsinki: Finnish institute for health and welfare (THL); 2018.
Gunnarsdottir S, Gudmannsdottir R, Thorgeirsdottir H,
Torfadottir JE, Steingrimsdottir L, Tryggvadottir EA, et al. Hvad
borda Islendingar? Kénnun 4 matarzdi islendinga 2019-2021 (What
do Icelanders eat? Survey of the diet of Icelanders 2019-2021).
Reykjavik: Directorate of Health and Unit for Nutrition Research,
University of Iceland; 2022. Available from: https://maturinnokkar.
hi.is/wp-content/uploads/2022/03/Hvadbordaislendingar_vefur_
endanlegt.pdf [cited 1 February 2023].

Siksna I, Lazda I, Goldmanis M. P&tijjums par sals un joda
pateérinu Latvijas pieauguso iedzivotaju populacija [Study of
salt and iodine consumption in the adult population in Latvia
(2018-2020)]. Riga: Ministry of Health; 2020.

Barzda A. Actual nutrition and nutrition habits of adults and
elderly of Lithuania. Vilnius: Ministry of Health; 2016.

Citation: Food & Nutrition Research 2024, 68: 10539 - http://dx.doi.org/10.29219/fnr.v68.10539


http://dx.doi.org/10.29219/fnr.v68.10539
https://doi.org/10.1073/pnas.1523119113
https://www.ipcc.ch/report/ar6/syr/resources/spm-headline-statements/
https://www.ipcc.ch/report/ar6/syr/resources/spm-headline-statements/
https://doi.org/10.1126/science.1259855
https://doi.org/10.1038/s43017-022-00287-8
https://doi.org/10.1038/s43017-022-00287-8
https://doi.org/10.1021/acs.est.1c04158
https://doi.org/10.1038/s41586-022-05158-2
https://doi.org/10.1038/s41586-022-05158-2
https://doi.org/10.29219/fnr.v68.10453
https://doi.org/10.1038/s41586-018-0594-0
http://www.globalnutritionreport.org/resources/nutrition-​profiles
http://www.globalnutritionreport.org/resources/nutrition-​profiles
https://doi.org/10.1038/s43016-020-00161-0
https://doi.org/10.1038/s43016-020-00161-0
https://doi.org/10.1038/s41586-023-06083-8
https://www.fao.org/food-agriculture-statistics/en/
https://www.fao.org/food-agriculture-statistics/en/
https://www.fao.org/faostat/en/#definitions
https://doi.org/10.1136/bmj.m2322
https://www.fao.org/faostat/en/#data/RL
https://www.fao.org/faostat/en/#data/RL
https://statistics.fibl.org/europe/area.html
https://statistics.fibl.org/europe/area.html
https://ec.europa.eu/commission/presscorner/detail/en/fs_20_908
https://ec.europa.eu/commission/presscorner/detail/en/fs_20_908
https://doi.org/10.5751/es-12313-260213
https://doi.org/10.29219/fnr.v66.8572
https://doi.org/10.1007/s00394-020-02289-y
https://doi.org/10.2903/sp.efsa.2017.EN-1198
https://doi.org/10.2903/sp.efsa.2017.EN-1198
https://maturinnokkar.hi.is/wp-content/uploads/2022/03/Hvadbordaislendingar_vefur_endanlegt.pdf
https://maturinnokkar.hi.is/wp-content/uploads/2022/03/Hvadbordaislendingar_vefur_endanlegt.pdf
https://maturinnokkar.hi.is/wp-content/uploads/2022/03/Hvadbordaislendingar_vefur_endanlegt.pdf

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

S51.

52.

53.

54.

Totland TH, Melnas BK, Lundberg-Hallén N, Helland-Kigen
KM, Lund-Blix NA, Myhre JB, et al. [Norkost 3: a national
dietary survey among men and women aged 18-70 years,
2010-11]. Oslo: Directorate of Health; 2012.

Amcoff E, Edberg A, Barbieri HE, Lindroos AK, Nalsén C,
Pearson M, et al. Riksmaten — vuxna 2010-11: Livsmedels-
och nédringsintag bland vuxna i Sverige (Riksmaten- Adults
2010-11: food and nutrition intakes among adults in Sweden).
Uppsala: Livsmedelsverket; 2012. Available from: https://
www.livsmedelsverket.se/globalassets/publikationsdatabas/
rapporter/2011/riksmaten_2010_20111.pdf [cited 1 November
2022].

Willett W, Rockstrom J, Loken B, Springmann M, Lang T,
Vermeulen S, et al. Food in the Anthropocene: the EAT-
Lancet Commission on healthy diets from sustainable food
systems. Lancet 2019; 393(10170): 447-92. doi: 10.1016/
S0140-6736(18)31788-4

Hayek MN, Harwatt H, Ripple WJ, Mueller ND. The carbon
opportunity cost of animal-sourced food production on land.
Nat Sustain 2021; 4(1): 21-24. doi: 10.1038/s41893-020-00603-4
Erb KH, Lauk C, Kastner T, Mayer A, Theurl MC, Haberl
H. Exploring the biophysical option space for feeding the
world without deforestation. Nat Commun 2016; 7: 11382. doi:
10.1038/ncomms11382

Kalt G, Mayer A, Haberl H, Kaufmann L, Lauk C, Matej
S, et al. Exploring the option space for land system futures
at regional to global scales: the diagnostic agro-food,
land use and greenhouse gas emission model BioBaM-
GHG 2.0. Ecol Model. 2021; 459: 1097299. doi: 10.1016/j.
ecolmodel.2021.109729

Bryngelsson D, Wirsenius S, Hedenus F, Sonesson U. How can
the EU climate targets be met? A combined analysis of techno-
logical and demand-side changes in food and agriculture. Food
Policy 2016; 59: 152-64. doi: 10.1016/j.foodpol.2015.12.012
Moberg E, Karlsson Potter H, Wood A, Hansson P-A, R66s E.
Benchmarking the Swedish diet relative to global and national
environmental targets — identification of indicator limitations
and data gaps. Sustainability 2020; 12(4): 1407. doi: 10.3390/
sul2041407

Bajzelj B, Richards KS, Allwood JM, Smith P, Dennis JS,
Curmi E, et al. Importance of food-demand management for
climate mitigation. Nat Climate Change 2014; 4(10): 924-29.
doi: 10.1038/nclimate2353

Tilman D, Clark M. Global diets link environmental sustain-
ability and human health. Nature 2014; 515(7528): 518-22. doi:
10.1038/nature13959

Clune S, Crossin E, Verghese K. Systematic review of green-
house gas emissions for different fresh food categories. J Clean
Product 2017; 140: 766-83. doi: 10.1016/j.jclepro.2016.04.082
Clark M, Springmann M, Rayner M, Scarborough P, Hill
J, Tilman D, et al. Estimating the environmental impacts of
57,000 food products. Proc Natl Acad Sci U S A 2022; 119(33):
€2120584119. doi: 10.1073/pnas.2120584119

Hallstrom E, Carlsson-Kanyama A, Borjesson P. Environmental
impact of dietary change: a systematic review. J Clean Product
2015; 91: 1-11. doi: 10.1016/j.jclepro.2014.12.008
Aleksandrowicz L, Green R, Joy EJM, Smith P, Haines A. The
impacts of dietary change on greenhouse gas emissions, land
use, water use, and health: a systematic review. PLoS One 2016;
11(11): €0165797. doi: 10.1371/journal.pone.0165797

Jarmul S, Dangour AD, Green R, Liew Z, Haines A,
Scheelbeek PFD. Climate change mitigation through dietary
change: a systematic review of empirical and modelling studies

Citation: Food & Nutrition Research 2024, 68: 10539 - http://dx.doi.org/10.292 1 9/fnrv68.10539

Sustainable food production and consumption in the Nordic and Baltic region

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

on the environmental footprints and health effects of ‘sus-
tainable diets’. Environ Res Lett 2020; 15(12): 123014. doi:
10.1088/1748-9326/abc2f7

Wallén A, Brandt N, Wennersten R. Does the Swedish consum-
er’s choice of food influence greenhouse gas emissions? Environ
Sci Policy 2004; 7(6): 525-35. doi: 10.1016/j.envsci.2004.08.004
Martin M, Brandao M. Evaluating the environmental conse-
quences of Swedish food consumption and dietary choices.
Sustainability 2017; 9(12): 2227. doi: 10.3390/su9122227
Saarinen M, Kaljonen M, Niemi J, Antikainen R, Hakala
K, Hartikainen H. Effects of dietary change and policy mix
supporting the change, End report of the FoodMin project.
(in Finnish with an English abstract). Publications of the
Government's analysis, assessment, and research activities.
2019; 47.

Ro6s E, Karlsson H, Witthoéft C, Sundberg C. Evaluating
the sustainability of diets—combining environmental and
nutritional aspects. Environ Sci Policy 2015; 47: 157-66. doi:
10.1016/j.envsci.2014.12.001

Wood A, Gordon LJ, R66s E, Karlsson J, Hayha T, Bignet V,
et al. Nordic food systems for improved health and sustainabil-
ity. Stockholm: Stockholm Resilience Centre UoS; 2019.
Trolle E, Meinila J, Eneroth H, Meltzer HM, Thorsdottir I,
Halldorsson TI, et al. Integrating environmental sustainability
into Food-Based Dietary Guidelines in the Nordic Countries.
Food Nutr Res 2024.

Clark M, Tilman D. Comparative analysis of environmental
impacts of agricultural production systems, agricultural input
efficiency, and food choice. Environ Res Lett 2017; 12(6):
064016. doi: 10.1088/1748-9326/aa6cdS

Jarvid N, Maljanen N-L, Kobayashi Y, Ryynidnen T, Tuomisto
HL. An attributional life cycle assessment of microbial pro-
tein production: a case study on using hydrogen-oxidizing
bacteria. Sci Total Environ. 2021; 776: 145764. doi: 10.1016/j.
scitotenv.2021.145764

Behm K, Nappa M, Aro N, Welman A, Ledgard S, Suomalainen
M, et al. Comparison of carbon footprint and water scarcity
footprint of milk protein produced by cellular agriculture
and the dairy industry. Int J Life Cycle Assess. 2022; 27(8):
1017-34. doi: 10.1007/s11367-022-02087-0

Jarvio N, Parviainen T, Maljanen NL, Kobayashi Y,
Kujanpaa L, Ercili-Cura D, et al. Ovalbumin production
using Trichoderma reesei culture and low-carbon energy could
mitigate the environmental impacts of chicken-egg-derived
ovalbumin. Nat Food 2021; 2(12): 1005-13. doi: 10.1038/
s43016-021-00418-2

Amiri-Jami M, Abdelhamid AG, Hazaa M, Kakuda Y,
Griffths MW. Recombinant production of omega-3 fatty acids
by probiotic Escherichia coli Nissle 1917. FEMS Microbiol
Lett 2015; 362(20): fnv166. doi: 10.1093/femsle/fnv166

Benton TG, Harwatt H. Sustainable agriculture and food sys-
tems: comparing contrasting and contested versions. London:
Affairs RIol; 2022.

Francaviglia R, Alvaro-Fuentes J, Di Bene C, Gai L, Regina K,
Turtola E. Diversification and management practices in selected
European regions. A data analysis of Arable crops production.
Agronomy 2020; 10(2): 297. doi: 10.3390/agronomy10020297
Ferreira H, Pinto E, Vasconcelos MW. Legumes as a corner-
stone of the transition toward more sustainable agri-food sys-
tems and diets in Europe. Front Sustain Food Syst. 2021; 5.
doi: 10.3389/fsufs.2021.694121

Tuck SL, Wingvist C, Mota F, Ahnstrom J, Turnbull LA,
Bengtsson J. Land-use intensity and the effects of organic

67

(page number not for citation purpose)


http://dx.doi.org/10.29219/fnr.v68.10539
https://www.livsmedelsverket.se/globalassets/publikationsdatabas/rapporter/2011/riksmaten_2010_20111.pdf
https://www.livsmedelsverket.se/globalassets/publikationsdatabas/rapporter/2011/riksmaten_2010_20111.pdf
https://www.livsmedelsverket.se/globalassets/publikationsdatabas/rapporter/2011/riksmaten_2010_20111.pdf
https://doi.org/10.1016/S0140-6736(18)31788-4
https://doi.org/10.1016/S0140-6736(18)31788-4
https://doi.org/10.1038/s41893-020-00603-4
https://doi.org/10.1038/ncomms11382
https://doi.org/10.1016/j.ecolmodel.2021.109729
https://doi.org/10.1016/j.ecolmodel.2021.109729
https://doi.org/10.1016/j.foodpol.2015.12.012
https://doi.org/10.3390/su12041407
https://doi.org/10.3390/su12041407
https://doi.org/10.1038/nclimate2353
https://doi.org/10.1038/nature13959
https://doi.org/10.1016/j.jclepro.2016.04.082
https://doi.org/10.1073/pnas.2120584119
https://doi.org/10.1016/j.jclepro.2014.12.008
https://doi.org/10.1371/journal.pone.0165797
https://doi.org/10.1088/1748-9326/abc2f7
https://doi.org/10.1016/j.envsci.2004.08.004
https://doi.org/10.3390/su9122227
https://doi.org/10.1016/j.envsci.2014.12.001
https://doi.org/10.1088/1748-9326/aa6cd5
https://doi.org/10.1016/j.scitotenv.2021.145764
https://doi.org/10.1016/j.scitotenv.2021.145764
https://doi.org/10.1007/s11367-022-02087-0
https://doi.org/10.1038/s43016-021-00418-2
https://doi.org/10.1038/s43016-021-00418-2
https://doi.org/10.1093/femsle/fnv166
https://doi.org/10.3390/agronomy10020297
https://doi.org/10.3389/fsufs.2021.694121

Helen Harwatt et al.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

farming on biodiversity: a hierarchical meta-analysis. J Appl
Ecol 2014; 51(3): 746-55. doi: 10.1111/1365-2664.12219
Muller A, Schader C, El-Hage Scialabba N, Briiggemann J,
Isensee A, Erb K-H, et al. Strategies for feeding the world more
sustainably with organic agriculture. Nat Commun 2017; 8(1):
1290. doi: 10.1038/s41467-017-01410-w

Seufert V, Mehrabi Z, Gabriel D, Benton TG. Current and
potential contributions of organic agriculture to diversifica-
tion of the food production system. Agroecosyst Divers 2019;
435-52.

Tuomisto HL, Hodge ID, Riordan P, Macdonald DW. Does
organic farming reduce environmental impacts? — A meta-
analysis of European research. J Environ Manage 2012; 112:
309-20. doi:10.1016/j.jenvman.2012.08.018

Benton TG, Vickery JA, Wilson JD. Farmland biodiversity: is
habitat heterogeneity the key? Trends Ecol Evol 2003; 18(4):
182-8. doi: 10.1016/s0169-5347(03)00011-9

Seufert V, Ramankutty N, Foley JA. Comparing the yields of
organic and conventional agriculture. Nature 2012; 485(7397):
229-32. doi:10.1038/nature1 1069

Fogelberg CL. Towards environmentally sound dietary guide-
lines — scientific basis for environmental assessment of the
Swedish National Food Agency’s Dietary guidelines. Uppsala:
Livsmedelsverket; 2013.

Varis A-L. Effect of intercropping carrots and onions on dam-
age caused by the carrot fly, Psila rosae (F.) (Dipt., Psilidae).
Agric Food Sci 1991; 63(5): 411-4. doi: 10.23986/afsci.72420
Lizarazo CI, Tuulos A, Jokela V, Mikeld PSA. Sustainable
mixed cropping systems for the boreal-nemoral region. Front
Sustain Food Syst. 2020; 4: 1-15. doi: 10.3389/fsufs.2020.00103
Peltoniemi K, Velmala S, Fritze H, Lemola R, Pennanen T.
Long-term impacts of organic and conventional farming on
the soil microbiome in boreal arable soil. Eur J Soil Biol 2021;
104: 103314. doi: 10.1016/j.ejsobi.2021.103314

Rigal S, Dakos V, Alonso H, Aunins A, Benko Z, Brotons L,
et al. Farmland practices are driving bird population decline
across Europe. Proc Natl Acad Sci U S A 2023; 120(21):
€2216573120. doi: 10.1073/pnas.2216573120

Outhwaite CL, McCann P, Newbold T. Agriculture and climate
change are reshaping insect biodiversity worldwide. Nature
2022; 605(7908): 97-102. doi: 10.1038/s41586-022-04644-x
Harwatt H, Wetterberg K, Giritharan A, Benton TG. Aligning
food systems with climate and biodiversity targets. London:
Royal Institute of International Affairs; 2022.

Convention on Biological Diversity. Kunming-montreal global
biodiversity framework. Montreal: Convention on Biological
Diversity; 2022.

FAO. FAOSTAT. Crops and livestock products 2020. Available
from: https://www.fao.org/faostat/en/#data/QCL [cited 12
February 2023].

FAO. FAOSTAT. Food balances. Available from: https://www.
fao.org/faostat/en/#data/FBS [cited 12 February 2023].

Ladha JK, Peoples MB, Reddy PM, Biswas JC, Bennett A, Jat
ML, et al. Biological nitrogen fixation and prospects for eco-
logical intensification in cereal-based cropping systems. Field
Crops Res 2022; 283: 108541. doi: 10.1016/j.fcr.2022.108541
Lassaletta L, Billen G, Grizzetti B, Anglade J, Garnier J. 50
year trends in nitrogen use efficiency of world cropping sys-
tems: the relationship between yield and nitrogen input
to cropland. Environ Res Lett. 2014; 9(10): 105011. doi:
10.1088/1748-9326/9/10/105011

West PC, Gerber JS, Engstrom PM, Mueller ND, Brauman
KA, Carlson KM, et al. Leverage points for improving global

(page number not for citation purpose)

88.

89.

90.

9l

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

food security and the environment. Science 2014; 345(6194):
325-8. doi: 10.1126/science.1246067

Breiling M, Hashimoto S, Sato Y, Ahamer G. Rice-related
greenhouse gases in Japan, variations in scale and time and sig-
nificance for the Kyoto Protocol. Paddy Water Environ. 2005;
3(1): 39-46. doi: 10.1007/s10333-005-0071-x

Eshel G, Shepon A, Makov T, Milo R. Land, irrigation water,
greenhouse gas, and reactive nitrogen burdens of meat, eggs,
and dairy production in the United States. Proc Natl Acad Sci U
S A.2014; 111(33): 11996-2001. doi: 10.1073/pnas.1402183111
Alexander P, Brown C, Arneth A, Finnigan J, Rounsevell
MDA. Human appropriation of land for food: the role of
diet. Glob Environ Change 2016; 41: 88-98. doi: 10.1016/].
gloenvcha.2016.09.005

Cassidy ES, West PC, Gerber JS, Foley JA. Redefining
agricultural yields: from tonnes to people nourished
per hectare. Environ Res Lett. 2013; 8(3): 034015. doi:
10.1088/1748-9326/8/3/034015

Harwatt H. Including animal to plant protein shifts in climate
change mitigation policy: a proposed three-step strategy. Clim
Policy2018;19(5): 533-41.doi: 10.1080/14693062.2018.1528965
Shepon A, Eshel G, Noor E, Milo R. The opportunity cost of
animal based diets exceeds all food losses. Proc Natl Acad Sci
U S A 2018; 115(15): 3804-09. doi: 10.1073/pnas.1713820115
Aune D, Keum N, Giovannucci E, Fadnes LT, Boffetta P,
Greenwood DC, et al. Whole grain consumption and risk of
cardiovascular disease, cancer, and all cause and cause specific
mortality: systematic review and dose-response meta-analysis
of prospective studies. BMJ 2016; 353:12716. doi: 10.1136/bmj.
2716

Davis J, Wallman M, Sund V, Emanuelsson A, Cederberg C,
Sonesson U. Emissions of greenhouse gases from production
of horticultural products analysis of 17 products cultivated in
Sweden. Goteborg: SIK; 2011.

van Lenteren JC, Alomar O, Ravensberg WIJ, Urbaneja A.
Biological control agents for control of pests in greenhouses.
In: Gullino M, Albajes R, Nicot P eds. Integrated pest and dis-
ease management in greenhouse crops. Cham: Springer; 2020,
pp- 409-39. doi: 10.1007/978-3-030-22304-5_14
Carlsson-Kanyama A, Bostrom-Carlsson K. Energy use for
cooking and other stages in the life cycle of food. A study of
wheat, spaghetti, pasta, barley, rice, potatoes, couscous and
mashed potatoes. Stockholm: Stockholm University; 2001.
Andersson J, Hedberg C. Barometer 2021 — what happens to
the wild berries? 2023. Available from: https://www.ri.se/en/
barometer-2021-what-happens-to-the-wild-berries [cited 15
February 2023].

Mittenzwei K, Milford AB, Grenlund A. Status og poten-
sial for gkt produksjon og forbruk av vegetabilske matvarer i
Norge. As: NIBIO; 2017.

Naseer M, Persson T, Hjelkrem A-GR, Ruoft P, Verheul MJ.
Life cycle assessment of tomato production for different pro-
duction strategies in Norway. J Cleaner Product 2022; 372:
133659. doi: 10.1016/j.jclepro.2022.133659

Naseer M, Persson T, Righini I, Stanghellini C, Maessen H,
Ruoff P, et al. Bioeconomic evaluation of extended season
and year-round tomato production in Norway using supple-
mental light. Agric Syst. 2022; 198: 103391. doi: 10.1016/j.
agsy.2022.103391

Naseer M, Persson T, Righini I, Stanghellini C, Maessen H,
Verheul MJ. Bio-economic evaluation of greenhouse designs
for seasonal tomato production in Norway. Biosyst Eng 2021;
212:413-30. doi: 10.1016/j.biosystemseng.2021.11.005

Citation: Food & Nutrition Research 2024, 68: 10539 - http://dx.doi.org/10.29219/fnr.v68.10539


http://dx.doi.org/10.29219/fnr.v68.10539
https://doi.org/10.1111/1365-2664.12219
https://doi.org/10.1038/s41467-017-01410-w
https://doi.org/10.1016/s0169-5347(03)00011-9
https://doi.org/10.23986/afsci.72420
https://doi.org/10.3389/fsufs.2020.00103
https://doi.org/10.1016/j.ejsobi.2021.103314
https://doi.org/10.1073/pnas.2216573120
https://doi.org/10.1038/s41586-022-04644-x
https://www.fao.org/faostat/en/#data/QCL
https://www.fao.org/faostat/en/#data/FBS
https://www.fao.org/faostat/en/#data/FBS
https://doi.org/10.1016/j.fcr.2022.108541
https://doi.org/10.1088/1748-9326/9/10/105011
https://doi.org/10.1126/science.1246067
https://doi.org/10.1007/s10333-005-0071-x
https://doi.org/10.1073/pnas.1402183111
https://doi.org/10.1016/j.gloenvcha.2016.09.005
https://doi.org/10.1016/j.gloenvcha.2016.09.005
https://doi.org/10.1088/1748-9326/8/3/034015
https://doi.org/10.1080/14693062.2018.1528965
https://doi.org/10.1073/pnas.1713820115
https://doi.org/10.1136/bmj.i2716
https://doi.org/10.1136/bmj.i2716
https://doi.org/10.1007/978-3-030-22304-5_14
https://www.ri.se/en/barometer-2021-what-happens-to-the-wild-berries
https://www.ri.se/en/barometer-2021-what-happens-to-the-wild-berries
https://doi.org/10.1016/j.jclepro.2022.133659
https://doi.org/10.1016/j.agsy.2022.103391
https://doi.org/10.1016/j.agsy.2022.103391
https://doi.org/10.1016/j.biosystemseng.2021.11.005

103.

104.

105.

106.

107.

108.

109.

110.

I11.

112.

113.

114.

115.

116.

117.

118.

119.

120.

Citation: Food & Nutrition Research 2024, 68: 10539 - http://dx.doi.org/10.292 1 9/fnrv68.10539

Wacker J-D, Verheul MJ, Righini I, Maessen H, Stanghellini
C. Optimisation of supplemental light systems in Norwegian
tomato greenhouses — a simulation study. Biosyst Eng 2022;
215: 129-42. doi: 10.1016/j.biosystemseng.2021.12.020
Butrico GM, Kaplan DH. Greenhouse agriculture in the ice-
landic food system. Eur Countryside 2018; 10(4): 711-24. doi:
10.2478/euco-2018-0039

Bjorklund J, Eksvird K, Schaffer C. Exploring the potential of
edible forest gardens: experiences from a participatory action
research project in Sweden. Agroforestry Syst 2018; 93(3):
1107-18. doi: 10.1007/s10457-018-0208-8

Farstad FM, Hermansen EAT, Grasbekk BS, Brudevoll K,
van Oort B. Explaining radical policy change: Norwegian
climate policy and the ban on cultivating peatlands.
Glob Environ Change 2022; 74: 102517. doi: 10.1016/j.
gloenvcha.2022.102517

Riksskogstaxeringen. Arlig blibérs- och lingonproduktion
(2016~ idag). Available from: https://skogsstatistik.slu.se/pxweb/
sv/OffStat/OffStat__Skogsmark__StandortVegetation/SM _
Barproduktion_tab.px [cited 13 February 2023].

Skogen. Available from: https://www.skogssverige.se/hur-myck-
et-atliga-bar-finns-det-i-sverige-idag [cited 1 May 2023].
Skogsaktuellt. Svenska bar kan bli guld virda. Available fom:
https://www.skogsaktuellt.se/artikel/31849/svenska-bar-kan-
bli-guld-varda.html [cited 13 February 2023].

Pulses.org. What are pulses? Available from: https:/pulses.org/
nap/what-are-pulses/ [cited 15 February 2023].

Our World in Data. 2021. Available from: https://ourworldin-
data.org/soy [cited 15 February 2023].

Nemecek T, Baumgartner D. Environmental impacts of intro-
ducing grain legumes into European crop rotations and pig
feed formulas. Concerted Action GL-Pro, Final report WP4.
Switzerland: Agroscope Reckenholz-Ténikon Research Station
(ART); 2006.

Smil V. Nitrogen and food production: proteins for human diets.
Ambio 2002; 31(2): 126-31. doi: 10.1579/0044-7447-31.2.126
Andersson A, Jansson A, Hellstrom A. The Swedish monitor-
ing of pesticide residues in food of plant origin: 2005. Uppsala:
Livsmedelsverket; 2006.

Jungbluth N, Demmeler M. LCA of imported agricultural
products — impacts due to deforestation and burning of resi-
dues. LCA in foods; Gothenburg: SIK; 2005.

Goldman E, Weisse MJ, Harris N, Schneider M. Estimating
the role of seven commodities in agriculture-linked deforesta-
tion: oil palm, soy, cattle, wood fiber, cocoa, coffee, and rubber.
Washington, DC: World Resources Institute; 2020.

Kuepper B, Stravens M. Mapping the European soy supply
chain — embedded soy in animal products consumed in the
EU27+UK. Amsterdam: Profundo; 2022.

FAO. Agricultural production statistics 2000-2020. FAOSTAT
Analytical Brief Series No. 41. Rome: Organization FAO; 2022.
Available from: https://www.fao.org/3/cb9180en/cb9180en.pdf
[cited 1 May 2023].

Harwatt H, Sabaté J, Eshel G, Soret S, Ripple W. Substituting
beans for beef as a contribution toward US climate change
targets. Clim Change 2017; 143(1-2): 261-70. doi: 10.1007/
$10584-017-1969-1

Cooper H, Jennings S. Danish risky business: land use, defor-
estation and corruption from soy, timber, pulp and paper
imports. Oxford: 3keel; 2020. Available from: https://www.3keel.
com/wp-content/uploads/2020/05/WWF-Denmark-Risky-
Business-Summary-Report-design_final_23-January.pdf [cited
1 February 2023].

Sustainable food production and consumption in the Nordic and Baltic region

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

Smithers R. UK’s first commercial crop of chickpeas harvested
in Norfolk. The Guardian. 29 August 2019.
Vogelsang-O’Dwyer M, Petersen IL, Joehnke MS, Serensen
JC, Bez J, Detzel A, et al. Comparison of faba bean protein
ingredients produced using dry fractionation and isoelectric
precipitation: techno-functional, nutritional and environ-
mental performance. Foods 2020; 9(3): 322. doi: 10.3390/
foods9030322

Gonera A, Milford AB. The plant protein trend in Norway —
market overview and future perspectives. As: Nofima, NIBIO;
2018.

Abrahamsen U, Uhlen AK, Waalen WM, Stabbetorp H.
Muligheter for okt proteinproduksjon pa kornarealene. NIBIO
Bok 2019; 5(1): 160-8.

ScenoProt. Available from: https://projects.luke.fi/scenoprot/
en/ [cited 1 June 2023].

LegdLife. Available from: https://www.legdlife.fi/en/proj-
ect-info/ [cited 1 June 2023].

Seehusen T, Uhlen AK. Analyses of yield gaps for the pro-
duction of wheat and barley in Norway — potential to increase
yields on existing farmland. NIBIO Rapport 2019; 5(166):
1-58.

Ro6s E, Carlsson G, Ferawati F, Hefni M, Stephan A,
Tidaker P, et al. Less meat, more legumes: prospects and chal-
lenges in the transition toward sustainable diets in Sweden.
Renew Agric Food Syst 2018; 35(2): 192-205. doi: 10.1017/
s1742170518000443

Troell M, Jonell M, Crona B. The role of seafood in sustainable
and healthy diets Stockholm: Stockholm Resilience Centre,
University of Stockholm; 2019.

Our World in Data. Fish and Overfishing 2021. Available from:
https://ourworldindata.org/fish-and-overfishing#total-seafood-
production-by-country [cited 1 November 2022].

Winther U, Skontorp Hognes E, Jafarzadeh S, Ziegler F.
Greenhouse gas emissions of Norwegian seafood products in
2017. Trondheim: SINTEF Ocean; 2020.

Holm HC, Fredricks HF, Bent SM, Lowenstein DP, Ossolinski
JE, Becker KW, et al. Global ocean lipidomes show a uni-
versal relationship between temperature and lipid unsatura-
tion. Science 2022; 376(6600): 1487-91. doi: 10.1126/science.
abn7455

Gephart JA, Henriksson PJG, Parker RWR, Shepon A,
Gorospe KD, Bergman K, et al. Environmental performance
of blue foods. Nature 2021; 597(7876): 360-65. doi: 10.1038/
s41586-021-03889-2

Sala E, Mayorga J, Bradley D, Cabral RB, Atwood TB, Auber
A, et al. Protecting the global ocean for biodiversity, food
and climate. Nature 2021; 592(7854): 397-402. doi: 10.1038/
s41586-021-03371-z

Ziegler F, Hilborn R. Fished or farmed: life cycle impacts of
salmon consumer decisions and opportunities for reducing
impacts. Sci Total Environ 2023; 854: 158591. doi: 10.1016/j.
scitotenv.2022.158591

Silvenius F, Gronroos J, Kankainen M, Kurppa S, Mékinen
T, Vielma J. Impact of feed raw material to climate and eutro-
phication impacts of Finnish rainbow trout farming and
comparisons on climate impact and eutrophication between
farmed and wild fish. J Clean Product 2017; 164: 1467-73. doi:
10.1016/j.jclepro.2017.07.069

Bolstad GH, Karlsson S, Hagen 1J, Fiske P, Urdal K, Saegrov
H, et al. Introgression from farmed escapees affects the full life
cycle of wild Atlantic salmon. Sci Adv 2021; 7(52): eabj3397.
doi: 10.1126/sciadv.abj3397

69

(page number not for citation purpose)


http://dx.doi.org/10.29219/fnr.v68.10539
https://doi.org/10.1016/j.biosystemseng.2021.12.020
https://doi.org/10.2478/euco-2018-0039
https://doi.org/10.1007/s10457-018-0208-8
https://doi.org/10.1016/j.gloenvcha.2022.102517
https://doi.org/10.1016/j.gloenvcha.2022.102517
https://skogsstatistik.slu.se/pxweb/sv/OffStat/OffStat__Skogsmark__StandortVegetation/SM_Barproduktion_tab.px
https://skogsstatistik.slu.se/pxweb/sv/OffStat/OffStat__Skogsmark__StandortVegetation/SM_Barproduktion_tab.px
https://skogsstatistik.slu.se/pxweb/sv/OffStat/OffStat__Skogsmark__StandortVegetation/SM_Barproduktion_tab.px
https://www.skogssverige.se/hur-mycket-atliga-bar-finns-det-i-sverige-idag
https://www.skogssverige.se/hur-mycket-atliga-bar-finns-det-i-sverige-idag
https://www.skogsaktuellt.se/artikel/31849/svenska-bar-kan-bli-guld-varda.html
https://www.skogsaktuellt.se/artikel/31849/svenska-bar-kan-bli-guld-varda.html
http://Pulses.org
https://pulses.org/nap/what-are-pulses/
https://pulses.org/nap/what-are-pulses/
https://ourworldindata.org/soy
https://ourworldindata.org/soy
https://doi.org/10.1579/0044-7447-31.2.126
https://www.fao.org/3/cb9180en/cb9180en.pdf
https://doi.org/10.1007/s10584-017-1969-1
https://doi.org/10.1007/s10584-017-1969-1
http://keel.com/wp-content/uploads/2020/05/WWF-Denmark-Risky-Business-Summary-Report-design_final_23-January.pdf
http://keel.com/wp-content/uploads/2020/05/WWF-Denmark-Risky-Business-Summary-Report-design_final_23-January.pdf
http://keel.com/wp-content/uploads/2020/05/WWF-Denmark-Risky-Business-Summary-Report-design_final_23-January.pdf
https://doi.org/10.3390/foods9030322
https://doi.org/10.3390/foods9030322
https://projects.luke.fi/scenoprot/en/
https://projects.luke.fi/scenoprot/en/
https://www.leg4life.fi/en/project-info/
https://www.leg4life.fi/en/project-info/
https://doi.org/10.1017/s1742170518000443
https://doi.org/10.1017/s1742170518000443
https://ourworldindata.org/fish-and-overfishing#total-seafood-production-by-country
https://ourworldindata.org/fish-and-overfishing#total-seafood-production-by-country
https://doi.org/10.1126/science.abn7455
https://doi.org/10.1126/science.abn7455
https://doi.org/10.1038/s41586-021-03889-2
https://doi.org/10.1038/s41586-021-03889-2
https://doi.org/10.1038/s41586-021-03371-z
https://doi.org/10.1038/s41586-021-03371-z
https://doi.org/10.1016/j.scitotenv.2022.158591
https://doi.org/10.1016/j.scitotenv.2022.158591
https://doi.org/10.1016/j.jclepro.2017.07.069
https://doi.org/10.1126/sciadv.abj3397

Helen Harwatt et al.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

FAO. The state of world fisheries and aquaculture 2020. Rome:
FAO; 2020.

Hiddink JG, Jennings S, Sciberras M, Szostek CL, Hughes
KM, Ellis N, et al. Global analysis of depletion and recov-
ery of seabed biota after bottom trawling disturbance. Proc
Natl Acad Sci U S A 2017; 114(31): 8301-6. doi: 10.1073/
pnas. 1618858114

Jorgensen LL, Planque B, Thangstad TH, Certain G.
Vulnerability of megabenthic species to trawling in the Barents
Sea. ICES J Marine Sci 2016; 73(suppl_1): i84-i97. doi:
10.1093/icesjms/fsv107

Atwood TB, Connolly RM, Ritchie EG, Lovelock CE,
Heithaus MR, Hays GC, et al. Predators help protect carbon
stocks in blue carbon ecosystems. Nat Clim Change 2015;
5(12): 1038-45. doi: 10.1038/nclimate2763

Lebreton L, Slat B, Ferrari F, Sainte-Rose B, Aitken J,
Marthouse R, et al. Evidence that the Great Pacific Garbage
Patch is rapidly accumulating plastic. Sci Rep 2018; 8(1): 4666.
doi: 10.1038/s41598-018-22939-w

Sprague M, Dick JR, Tocher DR. Impact of sustainable feeds
on omega-3 long-chain fatty acid levels in farmed Atlantic
salmon, 2006-2015. Sci Rep 2016; 6: 21892. doi: 10.1038/
srep21892

Ziegler F, Jafarzadeh S, Skontorp Hognes E, Winther U.
Greenhouse gas emissions of Norwegian seafoods: from com-
prehensive to simplified assessment. J Indust Ecol 2021; 26(6):
1908-19. doi: 10.1111/jiec.13150

Gullestad P, Blom G, Bakke G, Bogstad B. The “Discard Ban
Package”: experiences in efforts to improve the exploitation
patterns in Norwegian fisheries. Marine Policy 2015; 54: 1-9.
doi: 10.1016/j.marpol.2014.09.025

Borges L, Cocas L, Nielsen KN. Discard ban and balanced har-
vest: a contradiction? ICES J Marine Sci 2016; 73(6): 1632-39.
doi: 10.1093/icesjms/fsw065

Eurofish. Norway 2023. Available from: https://eurofish.
dk/member-countries/norway/#:~:text=Approximately%20
90°<)25%200f%20Norway°oE2%80°099s°<)20catch%20
volume%20comes%20from,Iceland%2C%20the%20Faroe%20
Islands%2C%20Greenland%2C%20and%20the’20EU [cited
14 February 2023].

The World Bank. Fish to 2030: prospects for fisheries and
aquaculture (No. 83177). Washington, DC: The World Bank;
2013.

Thorsee MH, Andersen MS, Brady MV, Graversgaard M, Kilis
E, Pedersen AB, et al. Promise and performance of agricul-
tural nutrient management policy: lessons from the Baltic Sea.
Ambio 2021; 51(1): 36-50. doi: 10.1007/s13280-021-01549-3
Luthman O, Jonell M, Rénnbéck P, Troell M. Strong and weak
sustainability in Nordic aquaculture policies. Aquaculture
2022; 550: 737841. doi: 10.1016/j.aquaculture.2021.737841
ICES. Mackerel (Scomber scombrus) in subareas 1-8 and
14, and in Division 9.a (Northeast Atlantic and adjacent
waters) 2022. Available from: https://ices-library.figshare.
com/articles/report/Mackerel_Scomber_scombrus_in_subar-
eas_1_8 and_14_and_in_Division_9_a_Northeast_Atlantic_
and_adjacent_waters_/19772392?backTo=/collections/
ICES_Advice_2022/5796935 [cited 1 June 2023].

Gerber PJ, Steinfeld H, Henderson B, Mottet A, Opio C,
Dijkman J, et al. Tackling climate change through livestock — A
global assessment of emissions and mitigation opportunities.
Rome: FAO; 2013.

Torres-Miralles M, Sarkeld K, Koppelméki K, Lamminen
M, Tuomisto HL, Herzon I. Contribution of high nature

(page number not for citation purpose)

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

value farming systems to sustainable livestock production: a
case from Finland. Sci Total Environ 2022; 839: 156267. doi:
10.1016/j.scitotenv.2022.156267

Petersen BM, Knudsen MT, Hermansen JE, Halberg N. An
approach to include soil carbon changes in life cycle assess-
ments. J Clean Product 2013; 52: 217-24. doi: 10.1016/j.
jelepro.2013.03.007

Brown P, Cardenas L, Choudrie S, Del Vento S, Karagianni
E, MacCarthy J. London, UK Greenhouse gas inventory, 1990
to 2019: annual report for submission under the Framework
Convention on Climate Change. UK: Department for Business,
Energy, and Industrial Strategy; 2021.

R66s E, Ekelund L, Tjarnemo H. Communicating the envi-
ronmental impact of meat production: challenges in the devel-
opment of a Swedish meat guide. J Clean Product 2014; 73:
154-64. doi: 10.1016/j.jclepro.2013.10.037

Hojberg A, Thodsen H, Borgesen C, Tornbjerg H, Nordstrom
B, Troldborg L, et al. National kvelstofmodel — ver-
sion 2020. 2021. Available from: https://www.geus.dk/
Media/637576521825668552/NKM2020_Bilag_18maj2021_
web.pdf [cited 1 November 2022].

Motarjemi SK, Styczen ME, Petersen RJ, Jensen KJS, Plauborg
F. Effects of different drainage conditions on nitrogen losses of
an agricultural sandy loam soil. J Environ Manage 2023; 325:
116267. doi: 10.1016/j.jenvman.2022.116267

Heikkinen J, Ketoja E, Nuutinen V, Regina K. Declining trend
of carbon in Finnish cropland soils in 1974-2009. Global
Change Biol 2013; 19(5): 1456-69. doi: 10.1111/gcb.12137

De Pue D, Bral A, Buysse J. Abatement of ammonia emissions
from livestock housing fine-tuned according to impact on pro-
tected habitats. Agric Syst 2019; 176: 102667. doi: 10.1016/].
agsy.2019.102667

World Resources Institute. Estimating the role of seven com-
modities in agriculture-linked deforestation: oil palm, soy,
cattle, wood fiber, cocoa, coffee, and rubber. Washington, DC:
World Resources Institute; 2020.

Machovina B, Feeley KJ, Ripple WI. Biodiversity conserva-
tion: the key is reducing meat consumption. Sci Total Environ
2015; 536: 419-31. doi: 10.1016/j.scitotenv.2015.07.022

Sun Z, Behrens P, Tukker A, Bruckner M, Scherer L. Global
human consumption threatens key biodiversity areas.
Environ Sci Technol 2022; 56(12): 9003—-14. doi: 10.1021/acs.
est.2c00506

Filazzola A, Brown C, Dettlaff MA, Batbaatar A, Grenke
J, Bao T, et al. The effects of livestock grazing on biodiver-
sity are multi-trophic: a meta-analysis. Ecol Lett 2020; 23(8):
1298-309. doi: 10.1111/ele. 13527

Hayek MN, Garrett RD. Nationwide shift to grass-fed beef
requires larger cattle population. Environ Res Lett 2018; 13(8):
084005. doi: 10.1088/1748-9326/aad401

United Nations Development Programme & Climate and
Clean Air Coalition. Global Methane Assessment: benefits
and costs of mitigating methane emissions. Nairobi: United
Nations Environment Programme; 2020.

Gonzalez-Garcia S, Belo S, Dias AC, Rodrigues JV, Costa
RRd, Ferreira A, et al. Life cycle assessment of pigmeat pro-
duction: Portuguese case study and proposal of improvement
options. J Clean Product 2015; 100: 126-39. doi: 10.1016/j.
jclepro.2015.03.048

Noya I, Villanueva-Rey P, Gonzalez-Garcia S, Fernandez MD,
Rodriguez MR, Moreira MT. Life Cycle Assessment of pig
production: a case study in Galicia. J Clean Product 2017; 142:
4327-38. doi: 10.1016/j.jclepro.2016.11.160

Citation: Food & Nutrition Research 2024, 68: 10539 - http://dx.doi.org/10.29219/fnr.v68.10539


http://dx.doi.org/10.29219/fnr.v68.10539
https://doi.org/10.1073/pnas.1618858114
https://doi.org/10.1073/pnas.1618858114
https://doi.org/10.1093/icesjms/fsv107
https://doi.org/10.1038/nclimate2763
https://doi.org/10.1038/s41598-018-22939-w
https://doi.org/10.1038/srep21892
https://doi.org/10.1038/srep21892
https://doi.org/10.1111/jiec.13150
https://doi.org/10.1016/j.marpol.2014.09.025
https://doi.org/10.1093/icesjms/fsw065
https://eurofish.dk/member-countries/norway/#:~:text=Approximately%2090%25%20of%20Norway%E2%80%99s%20catch%20volume%20comes%20from,Iceland%2C%20the%20Faroe%20Islands%2C%20Greenland%2C%20and%20the%20EU
https://eurofish.dk/member-countries/norway/#:~:text=Approximately%2090%25%20of%20Norway%E2%80%99s%20catch%20volume%20comes%20from,Iceland%2C%20the%20Faroe%20Islands%2C%20Greenland%2C%20and%20the%20EU
https://eurofish.dk/member-countries/norway/#:~:text=Approximately%2090%25%20of%20Norway%E2%80%99s%20catch%20volume%20comes%20from,Iceland%2C%20the%20Faroe%20Islands%2C%20Greenland%2C%20and%20the%20EU
https://eurofish.dk/member-countries/norway/#:~:text=Approximately%2090%25%20of%20Norway%E2%80%99s%20catch%20volume%20comes%20from,Iceland%2C%20the%20Faroe%20Islands%2C%20Greenland%2C%20and%20the%20EU
https://eurofish.dk/member-countries/norway/#:~:text=Approximately%2090%25%20of%20Norway%E2%80%99s%20catch%20volume%20comes%20from,Iceland%2C%20the%20Faroe%20Islands%2C%20Greenland%2C%20and%20the%20EU
https://doi.org/10.1007/s13280-021-01549-3
https://doi.org/10.1016/j.aquaculture.2021.737841
https://ices-library.figshare.com/articles/report/Mackerel_Scomber_scombrus_in_subareas_1_8_and_14_and_in_Division_9_a_Northeast_Atlantic_and_adjacent_waters_/19772392?backTo=/collections/ICES_Advice_2022/5796935
https://ices-library.figshare.com/articles/report/Mackerel_Scomber_scombrus_in_subareas_1_8_and_14_and_in_Division_9_a_Northeast_Atlantic_and_adjacent_waters_/19772392?backTo=/collections/ICES_Advice_2022/5796935
https://ices-library.figshare.com/articles/report/Mackerel_Scomber_scombrus_in_subareas_1_8_and_14_and_in_Division_9_a_Northeast_Atlantic_and_adjacent_waters_/19772392?backTo=/collections/ICES_Advice_2022/5796935
https://ices-library.figshare.com/articles/report/Mackerel_Scomber_scombrus_in_subareas_1_8_and_14_and_in_Division_9_a_Northeast_Atlantic_and_adjacent_waters_/19772392?backTo=/collections/ICES_Advice_2022/5796935
https://ices-library.figshare.com/articles/report/Mackerel_Scomber_scombrus_in_subareas_1_8_and_14_and_in_Division_9_a_Northeast_Atlantic_and_adjacent_waters_/19772392?backTo=/collections/ICES_Advice_2022/5796935
https://doi.org/10.1016/j.scitotenv.2022.156267
https://doi.org/10.1016/j.jclepro.2013.03.007
https://doi.org/10.1016/j.jclepro.2013.03.007
https://doi.org/10.1016/j.jclepro.2013.10.037
https://www.geus.dk/Media/637576521825668552/NKM2020_Bilag_18maj2021_web.pdf
https://www.geus.dk/Media/637576521825668552/NKM2020_Bilag_18maj2021_web.pdf
https://www.geus.dk/Media/637576521825668552/NKM2020_Bilag_18maj2021_web.pdf
https://doi.org/10.1016/j.jenvman.2022.116267
https://doi.org/10.1111/gcb.12137
https://doi.org/10.1016/j.agsy.2019.102667
https://doi.org/10.1016/j.agsy.2019.102667
https://doi.org/10.1016/j.scitotenv.2015.07.022
https://doi.org/10.1021/acs.est.2c00506
https://doi.org/10.1021/acs.est.2c00506
https://doi.org/10.1111/ele.13527
https://doi.org/10.1088/1748-9326/aad401
https://doi.org/10.1016/j.jclepro.2015.03.048
https://doi.org/10.1016/j.jclepro.2015.03.048
https://doi.org/10.1016/j.jclepro.2016.11.160

169.

170.

171.

172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

182.

183.

Citation: Food & Nutrition Research 2024, 68: 10539 - http://dx.doi.org/10.292 1 9/fnrv68.10539

Staalstrom A, Walday MG, Vogelsang C, Frigstad H, Borgersen
G, Albretsen J, et al. Utredning av behovet for & redusere til-
forslene av nitrogen til Ytre Oslofjord. Oslo: NIVA; 2022.
Hellsten S, Dalgaard T, Rankinen K, Torseth K, Kulmala A,
Turtola E, et al. Nordic nitrogen and agriculture Policy, mea-
sures and recommendations to reduce environmental impact.
TemaNord. 2017; 547: 94. doi: 10.6027/TN2017-547

Leip A, Billen G, Garnier J, Grizzetti B, Lassaletta L, Reis
S, et al. Impacts of European livestock production: nitrogen,
sulphur, phosphorus and greenhouse gas emissions, land-use,
water eutrophication and biodiversity. Environ Res Lett 2015;
10(11): 115004. doi: 10.1088/1748-9326/10/11/115004
Dalgaard T, Hansen B, Hasler B, Hertel O, Hutchings NJ,
Jacobsen BH, et al. Policies for agricultural nitrogen man-
agement — trends, challenges and prospects for improved effi-
ciency in Denmark. Environ Res Lett 2014; 9(11): 115002. doi:
10.1088/1748-9326/9/11/115002

Reuters. EU okays $1.61 billion for Dutch government to buy
out farmers, reduce nitrogen 2023. Available from: https://
www.reuters.com/world/europe/eu-okays-161-bln-dutch-govt-
buy-out-farmers-reduce-nitrogen-2023-05-02/ [cited 15 May
2023].

Boezeman D, de Pue D, Graversgaard M, Mockel S. Less
Livestock in North-western Europe? Discourses and Drivers
Behind Livestock Buyout Policies. EuroChoices 2023; 22(2):
4-12. doi: 10.1111/1746-692x.12399

Hallstrom E, Davis J, Hakansson N, Ahlgren S, Akesson A,
Wolk A, et al. Dietary environmental impacts relative to
planetary boundaries for six environmental indicators — a
population-based study. J Clean Product 2022; 373: 133949.
doi: 10.1016/j.jclepro.2022.133949

Tiainen J, Hyvonen T, Hagner M, Huusela-Veistola E, Louhi P,
Miettinen A, et al. Biodiversity in intensive and extensive grass-
lands in Finland: the impacts of spatial and temporal changes
of agricultural land use. Agric Food Sci 2020; 29(2): 68-97. doi:
10.23986/afsci.86811

Bengtsson J, Bullock JM, Egoh B, Everson C, Everson T,
O’Connor T, et al. Grasslands — more important for ecosystem
services than you might think. Ecosphere 2019; 10(2): €02582.
doi: 10.1002/ecs2.2582

Sveriges Miljomal. Betesmarker och slatterdngar. Available
from: https://www.sverigesmiljomal.se/miljomalen/ett-rikt-
odlingslandskap/betesmarker-och-slatterangar/ [cited 5 June
2023].

Karlsson J. Livestock as resource users and landscape man-
agers: a food systems perspective. Doctoral thesis. Uppsala:
Swedish University of Agricultural Sciences; 2022.

Chang J, Ciais P, Gasser T, Smith P, Herrero M, Havlik P, et al.
Climate warming from managed grasslands cancels the cooling
effect of carbon sinks in sparsely grazed and natural grasslands.
Nat Commun 2021; 12(1): 118. doi: 10.1038/s41467-020-20406-7
Insights on European uptake of responsible, deforestation and
conversion-free soy in 2020: IDH; 2022. Available from: https://
www.idhsustainabletrade.com/publication/european-soy-mon-
itor-2020/ [cited 15 February 2023].

Schilling-Vacaflor A, Lenschow A, Challies E, Cotta B,
Newig J. Contextualizing certification and auditing: soy cer-
tification and access of local communities to land and water
in Brazil. World Dev. 2021; 140: 105281. doi: 10.1016/j.
worlddev.2020.105281

Future in our hands & Rainforest Foundation Norway. Salmon
on soy beans — deforestation and land conflict in Brazil. Oslo:

Sustainable food production and consumption in the Nordic and Baltic region

184.

185.

186.

187.

188.

189.

190.

191.

192.

193.

194.

195.

196.

197.

198.

199.

Rainforest Foundation Norway and Future in Our Hands
Framtiden i vare hender; 2018.

Haskell C. Environmental advantages and potential of faba
bean (Vicia faba L.) cultivation in Norway, with a special
focus on C and N inventory. As: Norwegian University of Life
Sciences; 2022.

Faba bean production under Norwegian growing conditions:
FoodProFuture; 2020. Available from: https://foodprofu-
ture.no/2020/05/28/faba-bean-production-under-norwe-
gian-growing-conditions/ [cited 15 February 2023].

Ancient riddle solved: Danish researchers find a way to make
faba beans safe for all to eat: Copenhagen Plant Science Centre;
2021. Available from: https://cpsc.ku.dk/news/ancient-riddle-
solved-danish-researchers-find-a-way-to-make-faba-beans-
safe-for-all-to-eat/ [cited 15 February 2023].

Arnalds O, Gudmundsson J. Loftslag, kolefni og mold.
Agricultural University of Iceland; 2020. Available from: https:/
www.lbhi.is/images/pdf/utgefid%20efni/fjolrit’20rannsoknas-
tofnunar%20landbunadarins/rit_lbhi_nr_133_ok.pdf [cited 15
February 2023].

Cederberg C, Sonesson U, Henriksson M, Sund V, Davis J.
Greenhouse gas emissions from Swedish production of meat,
milk and eggs 1990 and 2005. SIK report no 793. Lund:
Swedish Institute for Food and Biotechnology; 2009.

Soja i fodret till vara husdjur: Swedish University of
Agricultural Sciences; 2001. Available from: https://www.
slu.se/institutioner/husdjurens-utfodring-vard/nyheter-huv/
soja-till-husdjur/ [cited 15 February 2023].

Mogensen L, Kristensen T, Nielsen NI, Spleth P, Henriksson
M, Swensson C, et al. Greenhouse gas emissions from beef
production systems in Denmark and Sweden. Livestock Sci
2015; 174: 126-43. doi: 10.1016/j.1ivsci.2015.01.021

Hietala S, Heusala H, Katajajuuri J-M, Jirvenranta K,
Virkajarvi P, Huuskonen A, et al. Environmental life cycle
assessment of Finnish beef — cradle-to-farm gate analysis of
dairy and beef breed beef production. Agric Syst 2021; 194:
103250. doi: 10.1016/j.agsy.2021.103250

Lehtonen H, Huan-Niemi E, Niemi J. The transition of
agriculture to low carbon pathways with regional distrib-
utive impacts. Environ Innov Soc Trans 2022; 44: 1-13. doi:
10.1016/j.eist.2022.05.002

Heikkinen J. Carbon storage of Finnish agricultural min-
eral soils and its long-term change. Doctoral thesis. Helsinki:
University of Helsinki; 2016.

Arnoldussen AH, Forbord M, Grenlund A, Hillestad ME,
Mittenzwei K, Pettersen I, et al. @kt matproduksjon pa norske
arealressurser. Oslo: AgriAnalyse; 2014.

AgriAnalyse. Landbruksbarometeret 2023. Oslo: AgriAnalyse;
2023.

OECD. Policies for the future of farming and food in Norway.
Paris: OECD Publishing; 2021.

Sun Z, Scherer L, Tukker A, Spawn-Lee SA, Bruckner M,
Gibbs HK, et al. Dietary change in high-income nations alone
can lead to substantial double climate dividend. Nat Food
2022; 3(1): 29-37. doi: 10.1038/s43016-021-00431-5

Nunan C. Ending routine farm antibiotic use in Europe
through improving animal health and welfare. Utrecht:
European Public Health Alliance; 2022.
Landbruksdirektoratet. Bruk av norske forressurser. Utredning
av forbedring av virkemidler med sikte p& okt produksjon og
bruk av norsk for. Oslo: Norwegian Directorate of Agriculture;
2021.

(page number not for citation purpose)


http://dx.doi.org/10.29219/fnr.v68.10539
https://doi.org/10.6027/TN2017-547
https://doi.org/10.1088/1748-9326/10/11/115004
https://doi.org/10.1088/1748-9326/9/11/115002
https://www.reuters.com/world/europe/eu-okays-161-bln-dutch-govt-buy-out-farmers-reduce-nitrogen-2023-05-02/
https://www.reuters.com/world/europe/eu-okays-161-bln-dutch-govt-buy-out-farmers-reduce-nitrogen-2023-05-02/
https://www.reuters.com/world/europe/eu-okays-161-bln-dutch-govt-buy-out-farmers-reduce-nitrogen-2023-05-02/
https://doi.org/10.1111/1746-692x.12399
https://doi.org/10.1016/j.jclepro.2022.133949
https://doi.org/10.23986/afsci.86811
https://doi.org/10.1002/ecs2.2582
https://www.sverigesmiljomal.se/miljomalen/ett-rikt-odlingslandskap/betesmarker-och-slatterangar/
https://www.sverigesmiljomal.se/miljomalen/ett-rikt-odlingslandskap/betesmarker-och-slatterangar/
https://doi.org/10.1038/s41467-020-20406-7
https://www.idhsustainabletrade.com/publication/european-soy-monitor-2020/
https://www.idhsustainabletrade.com/publication/european-soy-monitor-2020/
https://www.idhsustainabletrade.com/publication/european-soy-monitor-2020/
https://doi.org/10.1016/j.worlddev.2020.105281
https://doi.org/10.1016/j.worlddev.2020.105281
https://foodprofuture.no/2020/05/28/faba-bean-production-under-norwegian-growing-conditions/
https://foodprofuture.no/2020/05/28/faba-bean-production-under-norwegian-growing-conditions/
https://foodprofuture.no/2020/05/28/faba-bean-production-under-norwegian-growing-conditions/
https://cpsc.ku.dk/news/ancient-riddle-solved-danish-researchers-find-a-way-to-make-faba-beans-safe-for-all-to-eat/
https://cpsc.ku.dk/news/ancient-riddle-solved-danish-researchers-find-a-way-to-make-faba-beans-safe-for-all-to-eat/
https://cpsc.ku.dk/news/ancient-riddle-solved-danish-researchers-find-a-way-to-make-faba-beans-safe-for-all-to-eat/
https://www.lbhi.is/images/pdf/utgefid%20efni/fjolrit%20rannsoknastofnunar%20landbunadarins/rit_lbhi_nr_133_ok.pdf
https://www.lbhi.is/images/pdf/utgefid%20efni/fjolrit%20rannsoknastofnunar%20landbunadarins/rit_lbhi_nr_133_ok.pdf
https://www.lbhi.is/images/pdf/utgefid%20efni/fjolrit%20rannsoknastofnunar%20landbunadarins/rit_lbhi_nr_133_ok.pdf
https://www.slu.se/institutioner/husdjurens-utfodring-vard/nyheter-huv/soja-till-husdjur/
https://www.slu.se/institutioner/husdjurens-utfodring-vard/nyheter-huv/soja-till-husdjur/
https://www.slu.se/institutioner/husdjurens-utfodring-vard/nyheter-huv/soja-till-husdjur/
https://doi.org/10.1016/j.livsci.2015.01.021
https://doi.org/10.1016/j.agsy.2021.103250
https://doi.org/10.1016/j.eist.2022.05.002
https://doi.org/10.1038/s43016-021-00431-5

Helen Harwatt et al.

200.

201.

202.

203.

204.

205.

206.

207.

208.

209.

210.

211.

212.

213.

214.

Flysjo A, Henriksson M, Cederberg C, Ledgard S, Englund
J-E. The impact of various parameters on the carbon footprint
of milk production in New Zealand and Sweden. Agric Syst
2011; 104(6): 459-69. doi: 10.1016/j.agsy.2011.03.003
Kristensen T, Mogensen L, Knudsen MT, Hermansen JE.
Effect of production system and farming strategy on green-
house gas emissions from commercial dairy farms in a life cycle
approach. Livestock Sci 2011; 140(1-3): 136-48. doi: 10.1016/j.
livsci.2011.03.002

van Selm B, Frehner A, de Boer IJM, van Hal O, Hijbeek
R, van Ittersum MK, et al. Circularity in animal production
requires a change in the EAT-Lancet diet in Europe. Nat Food
2022; 3(1): 66-73. doi: 10.1038/s43016-021-00425-3

Karlsson JO, Garnett T, Rollins NC, Roos E. The carbon
footprint of breastmilk substitutes in comparison with breast-
feeding. J Clean Prod 2019; 222: 436-45. doi: 10.1016/j.
jclepro.2019.03.043

Andresen EC, Hjelkrem AR, Bakken AK, Andersen LF.
Environmental impact of feeding with infant formula in com-
parison with breastfeeding. Int J Environ Res Public Health
2022; 19(11): 6397. doi: 10.3390/ijerph19116397

Joffe N, Webster F, Shenker N. Support for breastfeeding is an
environmental imperative. BMJ 2019; 367: 15646. doi: 10.1136/
bm;j.15646

Long A, Mintz-Woo K, Daly H, O’Connell M, Smyth B,
Murphy JD. Infant feeding and the energy transition: a
comparison between decarbonising breastmilk substitutes
with renewable gas and achieving the global nutrition target
for breastfeeding. J Clean Product 2021; 324; 129280. doi:
10.1016/j.jclepro.2021.129280

Wijeratne TL. Assessing and reducing the environmental
impact of tea cultivation. Cambridge, UK: Burleigh Dodds
Science Publishing Limited; 2018.

Klapp AL, Feil N, Risius A. A global analysis of national
dietary guidelines on plant-based diets and substitutions for
animal-based foods. Curr Dev Nutr 2022; 6(11): nzac144. doi:
10.1093/cdn/nzac144

Storhaug CL, Fosse SK, Fadnes LT. Country, regional, and
global estimates for lactose malabsorption in adults: a system-
atic review and meta-analysis. Lancet Gastroenterol Hepatol
2017; 2(10): 738-46. doi: 10.1016/S2468-1253(17)30154-1
Singh-Povel CM, van Gool MP, Gual Rojas AP, Bragt MCE,
Kleinnijenhuis AJ, Hettinga KA. Nutritional content, pro-
tein quantity, protein quality and carbon footprint of plant-
based drinks and semi-skimmed milk in the Netherlands and
Europe. Public Health Nutr 2022; 25(5): 1-35. doi: 10.1017/
S1368980022000453

Ro66s E, Patel M, Spangberg J. Producing oat drink or cow’s
milk on a Swedish farm — Environmental impacts considering
the service of grazing, the opportunity cost of land and the
demand for beef and protein. Agric Syst 2016; 142: 23-32. doi:
10.1016/j.agsy.2015.11.002

Westhoek H, Rood T, Berg Mvd, Janse J, Nijdam D, Reudink
M, et al. The protein puzzle : the consumption and production
of meat, dairy and fish in the European Union. The Hague:
PBL Netherlands Environmental Assessment Agency; 2011.
Our World in Data. Dairy vs. plant-based milk: what are the
environmental impacts? 2022. Available from: https://ourworld-
indata.org/environmental-impact-milks [cited 1 February 2023].
Our World in Data. How much of the world’s food production
is dependent on pollinators? 2021. Available from: https://our-
worldindata.org/pollinator-dependence [cited 25 May 2023].

72

(page number not for citation purpose)

215.

216.

217.

218.

219.

220.

221.

222.

223.

224.

225.

226.

227.

Jakobsen J, Danielsen M, Langwagen M, Svarc PL, Poulsen
A, Trolle E. Neringsstofindhold i plantedrikke. Kgs. Lyngby:
DTU Fodevareinstituttet; 2022.

Our World in Data. Palm oil 2021. Available from: https://our-
worldindata.org/palm-oil [cited 28 November 2022].

Monteiro CA, Cannon G, Lawrence M, da Costa Louzada
ML, Machado PP. Ultra-processed foods, diet quality, and
health using the NOVA classification system. Rome: Food and
Agriculture Organization; 2019.

Kliemann N, Al Nahas A, Vamos EP, Touvier M, Kesse-
Guyot E, Gunter MJ, et al. Ultra-processed foods and cancer
risk: from global food systems to individual exposures and
mechanisms. Br J Cancer 2022; 127(1): 14-20. doi: 10.1038/
s41416-022-01749-y

Lawrence MA, Baker PI. Ultra-processed food and adverse
health outcomes. BMJ 2019; 365: 12289. doi: 10.1136/bmj.
12289

Seferidi P, Scrinis G, Huybrechts I, Woods J, Vineis P, Millett
C. The neglected environmental impacts of ultra-processed
foods. Lancet Planet Health 2020; 4(10): e437-8. doi: 10.1016/
S$2542-5196(20)30177-7

Leite FHM, Khandpur N, Andrade GC, Anastasiou K,
Baker P, Lawrence M, et al. Ultra-processed foods should be
central to global food systems dialogue and action on biodi-
versity. BMJ Glob Health 2022; 7(3): €008269. doi: 10.1136/
bmjgh-2021-008269

Monteiro CA, Cannon G, Moubarac JC, Levy RB, Louzada
MLC, Jaime PC. The UN decade of nutrition, the NOVA
food classification and the trouble with ultra-process-
ing. Public Health Nutr 2018; 21(1): 5-17. doi: 10.1017/
S1368980017000234

Baker P, Machado P, Santos T, Sievert K, Backholer K,
Hadjikakou M, et al. Ultra-processed foods and the nutrition
transition: global, regional and national trends, food systems
transformations and political economy drivers. Obes Rev 2020;
21(12): e13126. doi: 10.1111/0br.13126

Hendrie GA, Baird D, Ridoutt B, Hadjikakou M, Noakes M.
Overconsumption of energy and excessive discretionary food
intake inflates dietary greenhouse gas emissions in Australia.
Nutrients 2016; 8(11): 690. doi: 10.3390/nu8110690
Aceves-Martins M, Bates RL, Craig LCA, Chalmers N,
Horgan G, Boskamp B, et al. Nutritional quality, environmen-
tal impact and cost of ultra-processed foods: a UK food-based
analysis. Int J Environ Res Public Health 2022; 19(6): 3191.
doi: 10.3390/ijerph19063191

Gunnarsdottir S, Arnardottir R, Torfadottir J, Thorgeirsdottir
H, Geirsdottir O, Gudjonsdottir M, et al., editors. Ultra-
processed food consumption in Iceland. 14th European
Nutrition Conference FENS; 14th — 17th November 2023,
Belgrade, Serbia.

Billen G, Aguilera E, Einarsson R, Garnier J, Gingrich S,
Grizzetti B, et al. Reshaping the European agro-food system
and closing its nitrogen cycle: the potential of combining
dietary change, agroecology, and circularity. One Earth 2021;
4(6): 839-50. doi: 10.1016/j.oneear.2021.05.008

*Helen Harwatt

Royal Institute of International Affairs
Chatham House, London, UK

Email: hharwatt@chathamhouse.org

Citation: Food & Nutrition Research 2024, 68: 10539 - http://dx.doi.org/10.29219/fnr.v68.10539


http://dx.doi.org/10.29219/fnr.v68.10539
https://doi.org/10.1016/j.agsy.2011.03.003
https://doi.org/10.1016/j.livsci.2011.03.002
https://doi.org/10.1016/j.livsci.2011.03.002
https://doi.org/10.1038/s43016-021-00425-3
https://doi.org/10.1016/j.jclepro.2019.03.043
https://doi.org/10.1016/j.jclepro.2019.03.043
https://doi.org/10.3390/ijerph19116397
https://doi.org/10.1136/bmj.l5646
https://doi.org/10.1136/bmj.l5646
https://doi.org/10.1016/j.jclepro.2021.129280
https://doi.org/10.1093/cdn/nzac144
https://doi.org/10.1016/S2468-1253(17)30154-1
https://doi.org/10.1017/S1368980022000453
https://doi.org/10.1017/S1368980022000453
https://doi.org/10.1016/j.agsy.2015.11.002
https://ourworldindata.org/environmental-impact-milks
https://ourworldindata.org/environmental-impact-milks
https://ourworldindata.org/pollinator-dependence
https://ourworldindata.org/pollinator-dependence
https://ourworldindata.org/palm-oil
https://ourworldindata.org/palm-oil
https://doi.org/10.1038/s41416-022-01749-y
https://doi.org/10.1038/s41416-022-01749-y
https://doi.org/10.1136/bmj.l2289
https://doi.org/10.1136/bmj.l2289
https://doi.org/10.1016/S2542-5196(20)30177-7
https://doi.org/10.1016/S2542-5196(20)30177-7
https://doi.org/10.1136/bmjgh-2021-008269
https://doi.org/10.1136/bmjgh-2021-008269
https://doi.org/10.1017/S1368980017000234
https://doi.org/10.1017/S1368980017000234
https://doi.org/10.1111/obr.13126
https://doi.org/10.3390/nu8110690
https://doi.org/10.3390/ijerph19063191
https://doi.org/10.1016/j.oneear.2021.05.008
mailto:hharwatt@chathamhouse.org

Sustainable food production and consumption in the Nordic and Baltic region

Appendix 1. Overview of global health and environmental targets and their derivation.

Global targets

Comment

Implementation

Paris Climate
Agreement

Aichi Biodiversity
Targets

SDG target on water
withdrawals

SDG target on
nutrient pollution

The Paris Agreement’s long-term goal is to keep the
increase in global average temperature to well below
2°C above pre-industrial levels; and to limit the increase
to 1.5°C, since this would substantially reduce the risks
and effects of climate change.The goal is reflected in
Sustainable Development Goals (SDG) 13 and in the
planetary boundary for climate change.

Target: 5: By 2020, the rate of loss of all natural habitats,
including forests, is at least halved and where feasible
brought close to zero, and degradation and fragmentation
is. significantly reduced.The target is related to SDG 15 and
the planetary boundary for land - system change.

SDG 6.4: By 2030 substantially increase water-use effi-
ciency across all sectors and en sure sustainable withdraw-
als and supply of freshwater to address water scarcity and
substantially reduce the number of people suffering from
water scarcity. The goal is in line with the planetary bound-
ary for fresh-water use.

SDG 14.1: By 2025. prevent and significantly reduce marine
pollution of all kinds, in particular from land-based activities,
including marine debris and nutrient pollution.The goal is in
line with the planetary boundary for biogeochemioal flows
of nitrogen and phosphorus.

The target for agricultural emissions in line with the 2°C
target was derived as 4.7 (4.3-5.3) GtCO2-eq (Wollenberg
et al,2016; Sprirgmann et al, 2018).We adjusted this value
for the proportion of emissions related specifically to food
consumption (92% of emissions of the whole food system,
according to Springmann et al,2018).

Conrtribute to target by not increasing pressure to con-
vert natural land into cropland (or pastures), in line with the
food-related planetary boundary for land-systems change
(Steffen et al, 2015; Springmann et al, 2018). The planetary
boundary value was set to the extent of current croplard (+/-
16%).We internally recalculated the value for consistency with
the baseline parameters and our focus or food available for
consumption (9.9Mkm2, 8.3—115)

Adapt the food-related planetary-boundary target of maintain-
ing environmental flow requirements by limiting agricultural
fresh-water use to below 2,000km3, with a range of 800-3,350
km3 (Springmann et al. 2018). We adjusted the value for the
proportion of the food system attributed to diets (1.600km3,
640-2,600).

Adopt the food-related planetary-boundary target for nitro-
gen and phosphorus application in line with limiting eutrophi-
cation risk (de Vries et al, 2013; Springmann et al, 2018). We
recalculated the value for our focus on consumption-related
impacts by applying the original risk fractions to estimates of
baseline use, which yielded target values of 51 TgN (38-83)
and | I TgP (5.6-12.9).

Source: Sl Table 4. https://globalnutritionreport.org/reports/202 | -global-nutrition-report/appendix-chapter-2-methodology-and-data-sources/
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Appendix 2. Environmental footprints of food commodities (per kg of product), 2010 and 2050.

Food groups Greenhouse Greenhouse Cropland Cropland Fresh- Fresh- Nitrogen Nitrogen  Phosphorus Phosphorus
gas gas emissions use use water water use use use use
emissions  (kgCO2eq/  (m2/kg) (m2/kg) use use (kgN/t) (kgN/t) (kgPrt) (kgPrt)
(kgCO2eq/ kg) (m3/kg) (m3/kg)
kg)
2010 2050 2010 2050 2010 2050 2010 2050 2010 2050
Wheat 0.23 0.21 3.36 2.46 0.49 0.37 28.73 19.78 4.39 2.01
Rice 1.18 0.90 3.51 2.78 1.07 0.89 36.64 25.07 5.20 2.28
Maize 0.19 0.17 1.98 1.40 0.15 0.12 22.77 14.36 3.57 1.55
Other grains 0.29 0.22 6.17 443 0.17 0.14 16.39 9.82 2.72 0.97
Roots 0.07 0.06 0.69 0.52 0.04 0.04 3.60 2.07 0.71 0.30
Legumes 0.23 0.19 (WY 6.39 0.94 0.6l 0.00 0.00 0.00 0.00
Soybeans 0.12 0.09 3.95 3.14 0.14 0.15 2.75 1.75 5.88 3.17
Nuté & seeds 0.69 0.65 6.39 5.13 0.43 0.33 14.16 10.84 2.10 1.17
Vegetables 0.06 0.07 0.49 0.34 0.09 0.06 9.55 6.32 1.67 0.81
Qil crops 0.70 0.64 3.12 2.37 0.22 0.19 13.33 8.50 2.86 1.32
Fruits 0.08 0.08 1.18 0.97 0.33 0.28 12.73 8.57 1.91 0.92
(temperate)
Fruits 0.09 0.10 0.94 0.62 0.32 0.23 10.27 6.10 1.58 0.70
(tropical)
Fruits 0.11 0.10 0.88 0.59 0.11 0.08 6.15 3.76 1.05 0.48
(starchy)
Sugar 0.19 0.19 1.67 1.35 1.22 0.88 22.34 15.26 3.84 1.86
Palm oil 1.85 2.03 3.10 2.39 0.00 0.00 22.34 16.29 3.57 1.85
Vegetable oil 0.67 0.63 10.31 8.46 0.47 0.45 42.73 28.19 11.47 5.66
Beef 36.78 40.36 4.21 2.78 0.22 0.17 27.29 17.16 5.36 2.29
Lamb 36.73 37.21 6.24 4.48 0.49 0.42 27.52 21.82 4.94 2.47
Pork 3.14 3.25 6.08 4.90 0.35 0.29 51.52 34.19 3.87 4.05
Poultry 1.45 1.39 6.59 5.18 0.40 0.36 50.20 36.00 9.02 4.35
Eggs 1.61 1.48 6.86 5.19 0.44 0.39 51.22 35.09 3.8l 4.18
Milk 1.28 1.39 1.34 1.01 0.08 0.03 6.32 4.63 1.58 0.78
Shellfish 0.03 0.04 0.36 0.46 0.03 0.04 2.19 2.39 0.50 0.40
Fish 0.12 0.12 1.51 1.37 0.10 0.10 11.26 8.39 2.37 1.29
(freshwoter)
Fish (pelagic) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fish (demersal) 0.01 0.01 0.13 0.20 0.01 0.0l 0.75 0.99 0.19 0.18

Notes:Values shown are global averages per kilogram of product. Footprints for animal products represent feed- related impacts, except for green-
house gas emissions of livestock which also have a direct component. Footprints for fish and seafood represent feed-related impacts of aquaculture
production weighted by total production volumes.The global overages account for expected efficiency improvements, such as improved feed for
livestock end changes in production by 2050. such as increases in extensive beef production in middle-income countries. The analysis is based on
country-specific values.

Source: Sl Table 3. https://globalnutritionreport.org/reports/202 | -global-nutrition-report/appendix-chapter-2-methodology-and-data-sources/. Note,
future years factor in improvements in technologies and management practices, including reductions in food loss and waste, along a middle-of-the-
road socioeconomic development pathway. The environmental footprint data was also used in Springmann, M et al (2020) The healthiness and sustain-
ability of national and global food based dietary guidelines: modelling study. BMJ https://doi.org/10.1 136/bmj.m2322.
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Appendix 3. Food consumption data (g/day) for Nordic and Baltic countries used in environmental analyses.

Beef Lamb  Poultry  Pork  Eggs Fish Milk  Legumes Fruit  Vegetables Nuts/ Whole Sugar Oils

seeds grains
Denmark 557 3.6 39.6 36.1 408 285 7027 2.9 192.1 210.7 10.5 84.2 85.1 20.0
Estonia 26.0 1.5 357 66.4 293 182 6248 8.8 134.8 198.5 6.7 27.7 729 195
Finland 337 42 32.1 59.5 219 439 9788 33 161.7 148.2 6.2 80.4 51.3 267
Latvia 12.1 1.2 375 74.1 356 332 5675 0.2 86.0 190.1 7.1 27.5 56.9 332
Lithuania 84 0.9 42.1 83.0 322 536 7315 9.6 84.1 182.4 4.6 25.2 729 241
Norway 350 117 30.4 39.9 27.7  66.0 6644 1.9 232.8 133.9 9.6 85.2 620 472
Sweden 42.6 5.9 27.9 62.8 309 380 8928 5.2 210.5 160.5 14.5 89.3 63.7 442

Notes: Baseline food consumption was estimated by adopting estimates of food availability from the FAO’s food balance sheets, and adjusting those for
the amount of food wasted at the point of consumption.A three-year average of food availability data around the year 2010 (2009,2010 and 201 |) was
derived, to be consistent with the data on food waste, and the data on the environmental impacts of food production (Appendix 2).

Source: Supplementary data to Springmann M, et al (2020) The healthiness and sustainability of national and global food based dietary guidelines: model-
ling study. BM) https://doi.org/10.1 136/bmj.m2322. Benchmark (BMK) mean consumption data for each country and food extracted from tab ‘cons_data’
in FBDG_data_file.xIsx.Available to download: https://ora.ox.ac.uk/objects/uuid:bbf756dd-5556-41{6-b969-a9bee | 8cdb2 | /files/d9p2909776
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