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Abstract: As roughage consumers, ruminants have the unique ability to convert raw materials that
are otherwise inedible for humans into valuable food products, thereby making them crucial to Swiss
agriculture, particularly in mountainous regions. This article reviews the current state of grassland-
based livestock farming in Switzerland and provides an overview of several studies that explore
potential future scenarios for livestock production, along with their projected impacts. The scenarios
discussed illustrate how grassland-based livestock systems could serve as a viable alternative for
promoting more sustainable livestock production in the future. All of the studies examined justify
grassland-based farming within the framework of a “feed-no-food” strategy, in which arable land is
prioritized for human food production. This approach has several consequences: reduced availability
of animal feed, fewer livestock, an increase in arable land for human food production, higher levels
of plant-based food output, and enhanced self-sufficiency. However, these scenarios also call for a
significant reduction in livestock production and consumption, which hinges on the willingness of
society, the economy, and policymakers to embrace such changes.
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1. Introduction

Swiss agriculture today is heavily characterized by livestock farming, particularly the
rearing of ruminants. However, both globally and within Switzerland, livestock production
and the consumption of animal products face increasing criticism due to their resource
intensity and environmental impact [1-4].

The debate surrounding ruminant farming is polarized. On one side, critics highlight
the significant environmental footprint of ruminant production, citing methane emissions
from digestion and the high demand for water and land [4-6]. In contrast, proponents argue
that ruminants play a key role in sustainable food systems, as they can convert inedible
raw materials, such as roughage, into valuable food products [7-9]. This predominant
or exclusive feeding of farm animals with meadow and pasture feed is referred to as
grassland-based (livestock) farming [10].

In view of the conflicting goals identified through this discourse, a detailed consid-
eration and weighing of this mode of production’s potential is necessary. In addition to
assessing the current status of grassland-based livestock farming in Switzerland (Section 2),
this article presents an overview of various studies that describe possible future scenarios
for animal production in Switzerland and evaluate their impact (Section 3). In summary,
the results show possible transformation paths for grassland-based livestock farming, as
well as their risks and opportunities.

2. Grassland-Based Livestock Farming in Switzerland Today

Approximately 70% of Switzerland’s agricultural land is grassland, comprising both
temporary meadows in the crop rotation and permanent meadows, as well as pastures [11].
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This proportion is particularly high in the mountainous regions, where grassland far
exceeds arable land (Figure 1). Including cultivation on arable land (mainly green maize), a
total of about 74% of Switzerland’s agricultural land is dedicated to roughage production.
This allows nearly all the roughage required for domestic use to be produced within the
country. Only 3% of roughage is imported, whereas the share of imported concentrated
feed (including other types of feed) is significantly higher at 55% [11].
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Figure 1. The share of agricultural land in different agricultural zones in Switzerland [11]. The
subdivision of agricultural zones is based on climate, traffic situation, and surface design. The
significance of ruminants in Swiss agriculture is evident in their substantial share of the national
livestock population. Measured in livestock units, ruminants make up nearly 80% of the total
population [11]. This is particularly important in mountainous regions, where extensive grasslands
dominate the landscape. Most of Switzerland’s sheep and goats, along with about 40% of its cattle, are
raised in these mountain areas. In contrast, over 80% of poultry and pig production is concentrated
in the lowland and hill zones.

Ruminant farming enables the productive use of grassland for food production. As
such, grassland-based livestock farming makes a significant contribution to Switzerland’s
food supply. Domestic production fully meets the demand for milk and dairy products [11].
Additionally, Swiss ruminant farming provides approximately a quarter of the country’s
meat consumption [12] (Figure 2).

Ruminants

” Milk and dairy 0
domestic 100%
Roughage
production ]
: l n 22 domestic 97%
ll lI Jl’ "

Roughage
import 3%

Meat domestic ruminants 23%

37%

Pig &
poultry
Concentrated feed “ Meat domestic VIJ
domestic 45% [} monogastrics
Concentrated feed [ 3 55%

0
import 55% <12 y

Meat import 20%

Figure 2. The distribution of the total feed quantities among Swiss livestock and its contribution to
covering domestic consumption (differences arise from “other animals”, e.g., equidae; data related to
weight dry matter; import corresponds to the trade balance; concentrated feed contains “other feed”);
source: [11,12].
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The data highlight both the current relevance and the specific challenges of grassland-
based livestock farming in Switzerland. Given the country’s topographical characteristics
and the abundance of natural grasslands, ruminant farming is likely to remain important in
the future. However, the question arises as to how this sector should evolve to align with
a more sustainable food system. The following sections present the findings of various
studies that explore this issue.

3. The Future of Grassland-Based Livestock Farming

For the comparison of future grassland-based livestock scenarios, studies were consid-
ered that deal either directly or indirectly with the use of grassland for livestock feeding
in Switzerland. These are either (a) objectives and restrictions in the scenario, (b) a result
of the modelling, or (c) a framework condition (use of all agricultural land). A total of
10 Swiss studies were identified for evaluation (Table 1).

3.1. Scenario Comparison

The studies can be divided into four categories. The first category comprises scenarios
created using Agroscope’s DSS-ESSA model system. This was originally developed to
optimize agricultural production for Swiss food security for specific crisis scenarios such
as yield or import losses [13]. Based on this, another model—Green DSS-ESSA—was
created, which optimizes agricultural production with regard to environmentally friendly
and resource-saving nutrition [14,15]. Grassland-based livestock farming is a result of
the optimization in the model. By reducing domestic feed cultivation, high increases in
domestic food production can be achieved. In both scenarios, the populations of mono-
gastric animals decline sharply, while ruminant populations are only reduced by about
a quarter. These differences are due to the use of grassland for feeding ruminants. An
interesting addition is the “less grassland” scenario by von Ow et al. [14], as it allows the
non-use of 70% of the existing grassland; in the other models, the use of all agricultural land
is a requirement. The results show that optimizing resource conservation and nutrition
would mean a significantly higher reduction in ruminant production to only 35% of the
current production.

The second category includes modelling using Sol-m (Sustainability and Organic
Livestock model) from the Research Institute of Organic Agriculture. The results of Stolze
et al. [16,17] are essentially comparable to those in the first category. In addition, however,
the results show that the use of the land freed up by the renunciation of concentrated feed
cultivation influences the result of the modelling. The proportion of temporary meadows
in crop rotation in particular has a strong influence on the availability of roughage. Without
these meadows, the total production of beef and milk drops to about 50%.

Scenarios in the third category were created using Agroscope’s SWISSland model
system, which maps the supply and demand quantities of raw agricultural products in
the Swiss agricultural sector. SWISSland was used to forecast the impact of the voluntary
grassland-based milk and meat (GMF) program by the Swiss government [18,19]. The
results show that the payments lead to a slight increase in the number of dairy cows, while
at the same time decreasing production output.

The two studies in the fourth and last category [20,21] both explore the question
of how many farm animals are needed in Switzerland to use the available grassland
resources. Steller and Probst [21] calculate the number of animals that can be fed with
today’s meadows and pastures, including a temporary meadow share of 20%. Based on
this calculation, today’s production values of meat and milk can be maintained. Baur and
Fliickiger [20] came to a reduction in cattle numbers by about a quarter despite an increase
in the proportion of temporary meadows in crop rotation to 40%. This can be attributed
on the one hand to purely organic production methods and the associated lower yields in
their scenario, as well as to an overall reduction in agricultural land. This reduction results
from the creation of more areas for biodiversity, which primarily includes a conversion of
existing meadows and pastures.
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Table 1. A comparison of the scenarios for grassland-based livestock farming in Switzerland.

Production (% of Current)

Studv/S . Land Use for Animal Import of Animal Feed Livestock (%
udy/>cenario Production Products and Feed Composition of Current) Milk and Meat Protein
60% of arable land for
feed, 33% temporary 55% concentrated 75% roughage,
Current situation meadows on arable feed import 20% concentrate o o o
(see Section 2) land, 70% of 7.3% livestock feed and 5% 100% 100% 100%
agricultural land products import other feed

is grassland

Modelling using DSS-ESSA

Zimmermann, Ferjani, et al. [13]: Modelling (DSS-ESSA) to assess the potential of the Swiss food supply from domestic production.

Optimised use of
agricultural land,

Primarily

conversion of natural

P roughage-based, Dairy cattle: . .
DSS-ESSA meai(;xglse (lar? d/o) to No feed/livestock low proportion of 87% Beef/veal: 83% LW:;:/OCk'
temporary mea ciows products import domestic Pigs/poultry:  Milk/dairy: 82% Total: ;2%
on 22% of arable land, concenhﬁate 10%
production

80% less open arable
land for fodder

Zimmermann, Nemecek, et al. [15]: Green-DSS-ESSA is based on Zimmermann, Ferjani, et al. [13] but with a focus on minimizing
environmental impacts.

Use of all agricultural Primarily Ruminants:
Green DSS-ESSA, land, temporaory 2.8% of livestock roughage—b'ased, 70% . )
Scenario Min meadows on 23% of products low proportion of Ca.ttle: 55% . Meat': 30% Total: 90%
ReCiPe arable land, 11% of current domestic Pigs: 25% Milk/dairy: 144%
extensification of feed import concentrate Poultry: 70%
natural meadow production Total: 57%

Von Ow et al. [14]: Extending Green-DSS-ESSA to the scenario “less grassland”, in which grassland can be removed from the usable areas.

Use of all arable land, 73% of current food S. Green Ruminants:
Less grassland 70% of grassland ? import DéS—ESS A 35% no info
reduced p Total: 32%

Modelling using SOL-M

Stolze et al. [16]: Modelling of the impact of a nationwide implementation of regenerative milk and meat production by 2030.

No cultivation of

concentrated feed and

In addition to

Regenerative silage maize for No feed import for roughage, only Milk: 70% Livestock:
Milk a.nd Beef ruminants, freed-up ruminants by-products as Cattle: 82% Beef: 80 ({o 78% .
Production (RMF) arable land remains concentrated feed Meat: 95% Total: 81%
unused for ruminants
See RME, freed-up L. @R
RMF :—aiover areas used for Like RMF Like RMF Cattle: 96% 1\1/\[/i 1;}: 18 020{; Total: 90%
& temporary meadows ’ ?
See RME, freed-up
land used for food ; o
RME +food = juction (85%) and Like RMF Like RMF Cattle: 88% Milk: 75% Total: 89%
instead of feed Meat: 96%
temporary meadow
(15%)
No cultivation of
concentrated feed and
. silage maize for .
RMF mcl,. livestock (incl. . . Like RMF.’ the Cattle: 90% . o
monogastric ic animal No feed import (incl. same applies to Piors: 20°% Milk: 76% Total: 84%
imal + food monogastric animals), monogastric animals) monogastric 188 270 Meat: 43% otal: 4%
;r;ltr;;ad of feed freed-up land used animals Poultry: 26% ’

for food production
(80%) and temporary
meadow (20%)

Stolze et al. [17]: Modelling of the impact of different food and agriculture scenarios, including feed-no-food, on health, environment, and economy.

Roughage

No concentrated feed (ruminants) and Beef: 80%
cultivation, current No feed/livestock Sanee & . Milk: 75% .
FeednoFood2050 . by-products no info o no info
temporary meadow products import : Poultry: 20%
(monogastric oo
share . Pork: 70%
animals)
No concentrated feed (rurlr{l(i)rlfag:tzf);eam d
FeednoFood2050 cultivation, no No feed/livestock bv-products no info Beef: 50% no info
Temp2050 temporary meadows products import yp Milk: about 45%

in crop rotation

(monogastric
animals)
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Table 1. Cont.

Land Use for Animal Import of Animal Feed Livestock (% Production (% of Current)
Production Products and Feed Composition of Current) Milk and Meat

Modelling using SWISSland
Mack et al. [18] and Mack and Kohler [19]: Modelling of the impact of GMF payments on production and price developments.

Study/Scenario -
Protein

Increase in grassland Decrease in
GMEF-Scenario areas (1%), fewer . concentrates b Dairy cows: 1. o0 .
2025 extensive meadows no info 2.6%, increase 1}r’1 18,2% Milk: 97% no info
and pastures roughage by 2.2%
Other models
Baur and Fliickiger [20]: Calculation of the potential of grassland-based, organic agriculture with regard to milk and meat production.
53% arable land for Primarily
food, 39% temporary roughage-based, Total: 63%
TOP-REF 2015 meadows, organic No import of low domestic Cattle: 78% Milk: 68% Milk: 68%
production, reduction animal feed concentrate Pigs: 7% Meat: 35% Meat: 35%
in agricultural land production, Poultry: 32%
by 24% by-products
54% arable land for
food, 39% temporary Total: 61%
TOP-Scenario meadows, organic No import of animal Like TOP-REF Cattle: 76% Milk: 66% no info
2050 production, reduction feed 2015 Pigs: 5% Meat: 34%
in agricultural land Poultry: 32%
by 27%
Stettler and Probst [21]: Calculation of the number of ruminants that could be fed with today’s meadows and pastures.
Use of all
agricultural land, Domestic oo L. 1010
Optimal land use ZgO% temporary No feed import roughage and (;)a.ttl.e. 9% e Mﬂk'. 101 o no info
. igs: 35% Beef: 98%
meadows in by-products

crop rotation

The various scenarios show what grassland-based livestock farming in Switzerland
could look like in the future and what changes would be associated with it in terms of
livestock populations and production levels. In principle, it can be deduced from the results
that the renunciation of concentrate cultivation and importation, while at the same time
using existing grassland resources, only slightly reduces the production of milk and beef.
This contrasts with pig and poultry production, which would experience a very strong
decrease without the use of concentrated feed.

However, the question arises as to the extent to which the use of current grassland
resources makes ecological sense. Both Baur and Fliickiger [20] and von Ow et al. [14]
show that a reduction in existing meadows and pastures would bring ecological benefits
associated with a reduction in ruminant populations.

3.2. Impact of Grassland-Based Livestock Scenarios
3.2.1. Production and Nutrition

As can be seen in Table 1, a shift towards grassland-based farming leads to a reduction
in livestock numbers and, consequently, a decrease in the production of animal products.
This decline is most pronounced in pig and poultry production, primarily due to limitations
in feed cultivation and imports. Depending on the scenario, the reduction in beef and
dairy products ranges from 0% to 50%, driven by both a decrease in the availability of
concentrated feed and, in some cases, reduced supplies of roughage.

The amount of roughage available is not only influenced by the extent of grassland
area but also by the proportion of artificial meadows in crop rotations [16]. While the
models generally produce comparable results, differences arise due to varying assumptions
regarding production methods, projected yield increases, the impact of roughage-based
diets on livestock productivity, and the overall availability of roughage.

It is important to highlight that in nearly all the scenarios discussed, Switzerland’s
theoretical self-sufficiency increases as arable land is redirected from animal feed production
to the cultivation of plant-based foods. A degree of 100% self-sufficiency but with restricted
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nutrition is achieved in the scenario of Zimmermann, Ferjani, et al. [13], which was created
with the explicitly targeted function of complete self-sufficiency. In addition to reducing the
cultivation of animal feed on arable land and animal populations, the goal of self-sufficiency
also requires a change in diet. A contrasting effect on the degree of self-sufficiency can
be seen in Baur and Fliickiger [20]. The decline calculated here is due to the reduction in
agricultural land and a shift to organic production, which leads to lower yields in both
meat production and plant-based food.

Health effects are only discussed in Stolze et al. [17]. In comparison to the reference
scenario, the Feed-no-Food2050 scenario, with reduced meat consumption and increased
legume intake, shows a modest improvement in nutritional outcomes. However, another
scenario explicitly aligned with the Swiss food pyramid demonstrates significantly better
results in this regard.

3.2.2. Ecological Impact

The overall reduction in livestock and feed cultivation in the scenarios has positive
ecological effects. In the Min ReCiPe scenario by Zimmermann, Nemecek, et al. [15], which
was modelled with a view to minimizing environmental impacts, the overall environmental
impact was more than halved compared to the reference scenario. It is important to note
that the scenario involves various adjustments in the food system that go beyond a shift to
grassland-based agriculture. However, the improved ecological impact is largely due to
the abandonment of the cultivation and import of animal feed. The domestic land freed up
allows more food to be produced and imports to be greatly reduced overall. The scenario
requires the full use of agricultural land, including the existing grassland areas. In contrast,
von Ow et al.’s [14] “less grassland” scenario allows grassland to be taken out of use to
optimize environmental impacts. This can reduce the overall environmental impact by a
further 10% through the resulting reduction in livestock populations.

Stolze et al. [16] compared different scenario variants of grassland-based farming, also
with regard to their ecological impacts. The scenario “RMF incl. monogastric animals—food
instead of feed” corresponds most closely to the idea of a completely grassland-based
livestock system, as here, in contrast to the other scenarios, the renunciation of concentrated
feed also applies to monogastric farm animals. As a result, in this scenario, the number of
pigs and poultry decreases by about 80%, whereas the number of ruminants decreases by
only 10%. For all scenarios, the environmental indicators examined (ammonia emissions,
nitrogen surplus, phosphorus use, and greenhouse gas emissions) improve compared to
the current situation. However, the scenario “RMF incl. monogastric food instead of food”
performs best of all variants, which is due to the strong reduction in monogastric animals.
Compared to those in the current situation, ammonia emissions can be reduced by 22%,
nitrogen surpluses by 45%, phosphorus use by 26%, and greenhouse gas emissions by 14%.

A more comprehensive assessment of environmental impacts is provided by Stolze
et al. [17], who compared their findings with a business-as-usual reference scenario. In the mod-
elled Feed-no-Food2050 scenario (see Table 1), significant environmental improvements—both
domestically and internationally—were achieved compared to the reference case. The total
ecological footprint in Switzerland was reduced by nearly 13%, largely due to a substantial
decrease in animal product consumption. Among the individual environmental indicators,
greenhouse gas emissions in the Feed-no-Food2050 scenario were 25% lower, land use
was 35% lower, biodiversity loss reduced by 13%, and eutrophication decreased by 24%
compared to the reference scenario.

The TOP scenario [20] showed similar positive environmental impacts compared to
the current situation. Greenhouse gas emissions are reduced by 30% and nitrogen surpluses
by more than 50%. The scenario highlights also other positive outcomes, including the
reduction in antibiotics used, the positive influence of agricultural extensification on biodi-
versity and the landscape, and improvements in animal welfare through pasture grazing,
which is mandated for all livestock under the scenario.
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In contrast to the extensification of grassland areas in Baur and Fliickiger [20], the
study by Mack et al. [18] shows that subsidies for grassland-based feeding can also lead to
an intensification of grassland use and that extensively used grassland decreases in favour
of more intensively used forms.

3.2.3. Socio-Economic Impact

The scenarios created with SWISSland [18,19] include economic modelling to evaluate
the impact of the GMF (grassland-based milk and meat production) program on production
and the economy. At farm level, positive income effects can be shown, which result from
the payments and reduced feed costs. On the other hand, the modelling also shows that
the feed-related decline in yield has a sectoral impact on the milk price and raises it. This
price increase in turn has a positive effect on farmers’ incomes.

Stolze et al. [17] highlight a potential side effect of the feed-no-food restriction: the prof-
itability of products that generate “by-products” for animal feed could increase significantly,
potentially driving up production.

As illustrated in the summary Figure 3, there are various ways in which a shift towards
grassland-based farming systems could impact agriculture, the environment, nutrition,
and the economy. Depending on the developments, these effects can be both positive and
negative, necessitating a careful consideration in designing guiding measures.

Grassland-based
livestock farming

Availability of arable land
for plant-based food
production increases

Image of animal

production
improves \

Demand for

. concentrated
Animal

production Rising demand for animal feed decreases
decreases products
Environmental
Price of animal products impact increases

Environmental increases
impact decreases Costs for

animal feed

Increase in grassland decrease
Animal products become areas (e.g., due to
luxury products deforestation)

Consumption of
animal products
decreases

Production of plant-
based foods increases \‘
Improved

nutritional
health

Intensification of
meadows and
pastures

Farmers'
income

increases
Increasing demand for
by-products from plant

production for animal

feed Feed

imports
decrease

Degree of self- /

sufficiency increases

Figure 3. The possible impact of grassland-based agriculture based on the reviewed studies.

4. Discussion

The scenarios discussed illustrate how grassland-based livestock farming could serve
as a viable alternative for more sustainable agriculture in the future. In all the studies
reviewed, grassland-based livestock production is framed as part of a feed-no-food re-
striction. Alongside roughage-based ruminant farming, animal feed is restricted to waste
and by-products from plant production, while existing arable land is primarily devoted to
cultivating food for human consumption.

This approach has several direct effects: the availability of feed and the number of
farm animals decline, while the land designated for human food production increases. Con-
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sequently, the production of plant-based foods and the overall degree of self-sufficiency rise.
Additionally, the reduction in livestock numbers helps mitigate negative environmental
impacts.

The results are basically comparable to findings from global feed-no-food
scenarios [9,22-24]. Various global studies have shown that the feed-no-food scenarios
perform better from an ecological point of view, both compared to the current situation
and compared to scenarios which would focus on intensification of livestock produc-
tion [9,23-25]. Even though no comparison with an intensification strategy was carried out
for Switzerland, significant ecological improvements were shown compared to the current
situation [15,16,20].

However, it is important to note that the feed-no-food strategy is strongly linked
to the demand restraints: the positive environmental impacts in addition to the increase
in self-sufficiency are primarily due to a reduction in livestock and the associated lower
meat consumption, which in turn would require major changes in societal consumption
patterns [16,24,26]. Garnett et al.’s [27] review of studies on different feed-no-food scenarios
shows that the potential animal protein consumption under these scenarios is between 11
and 32 g per person per day. Current per capita animal protein consumption in Switzerland
is about 50 g per day [28].

At the same time, the studies, both globally and for Switzerland, show that the changes
of a feed-no-food scenario primarily lead to a reduction in the monogastric population and
that the quantities of available beef and milk decrease significantly less. From a nutritional
point of view, however, this contradicts the dietary recommendations of the EAT-Lancet
Commission, which primarily recommend a strong reduction in beef [4,29].

While various studies address the question of how many livestock can be kept with
existing grassland resources, some of the studies raise the issue of the extent to which the
use of grasslands for animal feed makes sense. The studies by von Ow [14], Baur and
Fliickiger [20], and van Zanten et al. [9] argue that reducing meadow and pasture areas
could also be beneficial for nature. Based on the comparison of different scenarios, Miiller
et al. [26] conclude that Switzerland’s existing grassland areas serve as a valuable asset for
grassland-based agriculture. However, the scenarios also indicate a need for significant
changes in consumption patterns, particularly towards reducing the consumption of ani-
mal products. This shift presents an opportunity, as it aligns with the goal of promoting
a healthier diet and creates potential synergies. However, the question arises as to how
this transformation would succeed. Mack and Kohler [19] show that the existing policy
instruments (GMF payments) are not sufficient to bring about major changes. Further
measures would be necessary on both the production and consumption sides. Zimmer-
mann et al. [15] conclude that such a far-reaching change in diet requires a corresponding
willingness on the part of the population, businesses, and politics. It is important to stress
that none of the assessed studies included a predictive forecast. Therefore, no statement
can be made on how probable such futures are or how they could be achieved.

5. Conclusions

Our findings show that the future of livestock production, particularly in shifting
toward grassland-based system:s, is closely linked with environmental, social, and economic
factors. These factors will shape livestock production, just as livestock choices will influence
these domains. Policy interventions will be critical in establishing pathways that guide
both production and consumption. The results highlight key trade-offs associated with
livestock futures, including those between environmental impact and production levels, as
well as those among different environmental metrics. Although grassland-based livestock
systems offer multiple benefits, the higher greenhouse gas emissions associated with
ruminants present a significant challenge. We therefore recommend a continued focus
on addressing these trade-offs, engaging a broad spectrum of stakeholders to balance
food system priorities effectively. The weighing up of different societal objectives will be
needed to decide to what extend an orientation of grassland-based livestock production in
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Switzerland is to be prioritized. Based on the identification of normative scenarios, further
research is needed on how to guide developments towards the desired pathway, which
will require harmonized policies and actions throughout the food system.

Author Contributions: Conceptualization, L.]. and R.G.; validation, L]. and R.G.; investigation, .]. and
R.G.; writing—original draft preparation, L].; writing—review and editing, R.G. and L].; visualization,
L]J. and R.G. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by Avina Foundation.
Informed Consent Statement: Not applicable.

Data Availability Statement: No new data were created or analyzed in this study. Data sharing is
not applicable to this article.

Acknowledgments: The basis for the article was created as part of the project “Zukunft Weide” by
Foodward Foundation (Zurich). We would like to thank the project manager Vinzenz Hahl for his
support. We would also like to thank Jakab Kaufmann for his assistance with English proofreading.

Conflicts of Interest: The authors declare no conflicts of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript; or
in the decision to publish the results.

References

1.

10.

11.

12.

13.

14.

15.

16.

Fesenfeld, L.; Mann, S.; Meier, M.; Nemecek, T.; Scharrer, B.; Bornemann, B.; Brombach, C.; Beretta, C.; Biirgi, E.; Grabs, J.;
et al. Wege in Die Ernihrungszukunft der Schweiz—Leitfaden zu den Grossten Hebeln und Politischen Pfaden fiir ein Nachhaltiges
Erniihrungssystem; SDSN Switzerland: Zurich, Switzerland, 2023.

Godfray, H.CJ.; Aveyard, P.; Garnett, T.; Hall, ].W.; Key, T.].; Lorimer, J.; Pierrehumbert, R.T.; Scarborough, P.; Springmann, M.;
Jebb, S.A. Meat Consumption, Health, and the Environment. Science 2018, 361, eaam5324. [CrossRef] [PubMed]

Springmann, M.; Clark, M.; Mason-D’Croz, D.; Wiebe, K.; Bodirsky, B.L.; Lassaletta, L.; de Vries, W.; Vermeulen, S.J.; Herrero, M.;
Carlson, K.M.; et al. Options for Keeping the Food System Within Environmental Limits. Nature 2018, 562, 519-525. [CrossRef]
[PubMed]

Willett, W.; Rockstrém, J.; Loken, B.; Springmann, M.; Lang, T.; Vermeulen, S.; Garnett, T.; Tilman, D.; DeClerck, F.; Wood, A.; et al.
Food in the Anthropocene: The EAT-Lancet Commission on Healthy Diets from Sustainable Food Systems. Lancet 2019, 393,
447-492. [CrossRef] [PubMed]

Alig, M.; Grandl, F,; Mieleitner, J.; Nemecek, T.; Gaillard, G. Okobilanz von Rind-, Schweine- und Gefliigelfleisch; Agroscope:
Reckenholz-Ténikon, Switzerland, 2012; pp. 41-67.

Gaillac, R.; Marbach, S. The Carbon Footprint of Meat and Dairy Proteins: A Practical Perspective to Guide Low Carbon Footprint
Dietary Choices. J. Clean. Prod. 2021, 321, 128766. [CrossRef]

Cusworth, G.; Lorimer, J.; Brice, J.; Garnett, T. Green Rebranding: Regenerative Agriculture, Future-Pasts, and the Naturalisation
of Livestock. Trans. Inst. Br. Geogr. 2022, 47, 1009-1027. [CrossRef] [PubMed]

Muller, A.; Schader, C. Efficiency, Sufficiency, and Consistency for Sustainable Healthy Food. Lancet Planet. Health 2017, 1, e13—e14.
[CrossRef] [PubMed]

Van Zanten, H.H.E.; Herrero, M.; Hal, O.V,; R66s, E.; Muller, A.; Garnett, T.; Gerber, PJ.; Schader, C.; De Boer, I.].M. Defining a
Land Boundary for Sustainable Livestock Consumption. Glob. Chang. Biol. 2018, 24, 4185-4194. [CrossRef] [PubMed]

Hahl, V.; Muret, A. «Zukunft Weide» Chancen und Herausforderungen Einer Zukunftsfihigen Graslandwirtschaft; Foodward Stiftung:
Zurich, Switzerland, 2024.

Agristat. Statistische Erhebungen und Schitzungen iiber Die Landwirtschaft und Ernihrung 2022; Schweizer Bauernverband: Brugg,
Switzerland, 2023.

Bundesamt fiir Statistik. Fleischbilanz 1999-2022. Available online: https://www.bfs.admin.ch/asset/de /30607029 (accessed on
13 March 2024).

Zimmermann, A.; Ferjani, A.; Mann, S.; Haudenschild, U.; Mittelholzer, M.; Miiller, P. Ernihrungspotenzial der Landwirtschaftlichen
Kulturflichen—Analyse Einer Optimierten Inlandproduktion von Nahrungsmitteln im Fall von Schweren Mangellagen; Bundesamt fiir
wirtschaftliche Landesversorgung: Bern, Switzerland, 2017.

Von Ow, A.; Waldvogel, T.; Nemecek, T. Environmental Optimization of the Swiss Population’s Diet Using Domestic Production
Resources. J. Clean. Prod. 2020, 248, 119241. [CrossRef]

Zimmermann, A.; Nemecek, T.; Waldvogel, T. Umwelt- und Ressourcen- Schonende Erndhrung: Detaillierte Analyse fiir die
Schweiz. Agroscope Sci. 2017, 55, 170.

Stolze, M.; Weisshaidinger, R.; Bartel, A.; Schwank, O.; Miiller, A.; Biedermann, R. Chancen der Landwirtschaft in den Alpenlindern:
Wege zu Einer Raufutterbasierten Milch- und Fleischproduktion in Osterreich und der Schweiz; Bristol-Schriftenreihe; 1. Auflage.; Haupt
Verlag: Bern, Switzerland, 2018; ISBN 978-3-258-08099-4.


https://doi.org/10.1126/science.aam5324
https://www.ncbi.nlm.nih.gov/pubmed/30026199
https://doi.org/10.1038/s41586-018-0594-0
https://www.ncbi.nlm.nih.gov/pubmed/30305731
https://doi.org/10.1016/S0140-6736(18)31788-4
https://www.ncbi.nlm.nih.gov/pubmed/30660336
https://doi.org/10.1016/j.jclepro.2021.128766
https://doi.org/10.1111/tran.12555
https://www.ncbi.nlm.nih.gov/pubmed/36618006
https://doi.org/10.1016/S2542-5196(17)30012-8
https://www.ncbi.nlm.nih.gov/pubmed/29851588
https://doi.org/10.1111/gcb.14321
https://www.ncbi.nlm.nih.gov/pubmed/29788551
https://www.bfs.admin.ch/asset/de/30607029
https://doi.org/10.1016/j.jclepro.2019.119241

Sustainability 2024, 16, 10362 10 of 10

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Stolze, M.; Schader, C.; Miiller, A.; Frehner, A.; Kopainsky, B.; Soceco, R.; Nathani, C.; Brandes, J.; Brombach, C.; Fliickiger, S.;
et al. Sustainable and Healthy Diets: Trade-Offs and Synergies. Final Scientific Report. NRP 69 “Healthy Nutrition and Sustainable Food
Production”; Forschungsinstitut fiir Biologischen Landbau FiBL: Frick, Switzerland, 2019.

Mack, G.; Heitkdmper, K.; Kaufeler, B.; Mobius, S. Evaluation der Beitrige fiir Graslandbasierte Milch- und Fleischproduktion (GMF);
Agroscope: Tanikon, Switzerland, 2017.

Mack, G.; Kohler, A. Short- and Long-Run Policy Evaluation: Support for Grassland-Based Milk Production in Switzerland.
J. Agric. Econ. 2019, 70, 215-240. [CrossRef]

Baur, P; Fliickiger, S. Nahrungsmittel aus Okologischer und Tiergerechter Produktion. Eine Studie im Auftrag von Greenpeace Schweiz;
ZHAW Institut fiir Umwelt und Natiirliche Ressourcen: Wadenswil, Switzerland, 2018.

Stettler, A.; Probst, S. Wie viele Nutztiere braucht die Schweiz zur optimalen Landnutzung? Agrar. Schweiz 2023, 14, 236-242.
[CrossRef]

Garnett, T. Gut Feelings and Possible Tomorrows: (Where) Does Animal Farming Fit? Food Climate Research Network, University of
Oxford: Oxford, UK, 2015; p. 28.

Ro0s, E.; Bajzelj, B.; Smith, P; Patel, M,; Little, D.; Garnett, T. Greedy or Needy? Land Use and Climate Impacts of Food in 2050
Under Different Livestock Futures. Glob. Environ. Chang. 2017, 47, 1-12. [CrossRef]

Schader, C.; Muller, A.; Scialabba, N.E.-H.; Hecht, J.; Isensee, A.; Erb, K.-H.; Smith, P.; Makkar, H.P.S.; Klocke, P,; Leiber, E,; et al.
Impacts of Feeding Less Food-Competing Feedstuffs to Livestock on Global Food System Sustainability. |. R. Soc. Interface 2015,
12,20150891. [CrossRef] [PubMed]

Ro06s, E.; Patel, M.; Spangberg, J.; Carlsson, G.; Rydhmer, L. Limiting Livestock Production to Pasture and By-Products in a Search
for Sustainable Diets. Food Policy 2016, 58, 1-13. [CrossRef]

Miiller, A.; Meier, M.; Moakes, S.; Oehen, B. Eckpunkte Einer Standortangepassten Landwirtschaft in der Schweiz; Forschungsinstitut
fuir Biologischen Landbau FiBL: Frick, Switzerland, 2018.

Garnett, T.; Godde, C.; Muller, A.; R606s, E.; Smith, P,; Boer, 1.D.; Ermgassen, E.; Herrero, M.; Middelaar, C.V.; Schader, C.; et al.
Grazed and Confused? FCRN, University of Oxford: Oxford, UK, 2017; pp. 105-107.

Kopf-Bolanz, K.; Walther, B. Proteinkonsum in der Schweiz—Auswertung des Menuch Datensatzes; Erndhrungsbulletin; Bundesamt
fiir Lebensmittelsicherheit und Veterindrwesen BLV: Bern, Switzerland, 2021.

Van Selm, B.; Frehner, A.; De Boer, I.].M.; Van Hal, O.; Hijbeek, R.; Van Ittersum, M.K,; Talsma, E.F.; Lesschen, J.P.; Hendriks,
C.M.J.; Herrero, M; et al. Circularity in Animal Production Requires a Change in the EAT-Lancet Diet in Europe. Nat. Food 2022,
3, 66-73. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1111/1477-9552.12284
https://doi.org/10.34776/AFS14-236
https://doi.org/10.1016/j.gloenvcha.2017.09.001
https://doi.org/10.1098/rsif.2015.0891
https://www.ncbi.nlm.nih.gov/pubmed/26674194
https://doi.org/10.1016/j.foodpol.2015.10.008
https://doi.org/10.1038/s43016-021-00425-3
https://www.ncbi.nlm.nih.gov/pubmed/37118484

	Introduction 
	Grassland-Based Livestock Farming in Switzerland Today 
	The Future of Grassland-Based Livestock Farming 
	Scenario Comparison 
	Impact of Grassland-Based Livestock Scenarios 
	Production and Nutrition 
	Ecological Impact 
	Socio-Economic Impact 


	Discussion 
	Conclusions 
	References

