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1 | INTRODUCTION

Kopainsky et al, (2020) examines intended and
unintended transition effects of the Swiss food system on
the system's structure and the environment. Kopainsky
et al.'s research refers to studies on and is embedded in
research streams in global health (Jamison et al., 2013)
and sustainable food systems (Willett et al., 2019). It also
addresses many of Steffen et al.'s (2015) planetary bound-
aries, the United Nations' (2015) sustainability goals
(SDGs), and potentially could address how they are inter-
related, following Randers et al. (2019). It is furthermore
embedded in research on natural and human systems,
particularly in the intertwined business, supply and
demand, governance, ecological and health feedback
loops (Swinburn et al., 2019). This feedback view
enhances understanding and assessment of drivers
towards improving human and ecological health and mit-
igating climate change.

Kopainsky et al. seek to enrich scientific discussion
and provide decision makers with internally consistent and
scientific-based insights using system dynamics (SD)
(Sterman, 2000). Kopainsky et al.'s research adapts global
food recommendations (i.e., Willet et al., 2019) and global
models (i.e., Eker, Reese, and Obersteiner (2019), Spring-
mann, Godfray, Rayner, and Scarborough (2016)) to the
national and regional contexts of Switzerland, integrating
insights from studies of the Swiss National Research Pro-
gram ‘Healthy Diets and Sustainable Food’ (Stolze
et al., 2019).

As SD models capture dynamic complexity with time
delays, nonlinearities and accumulations and make these
explicit, they enable decision makers to receive feedback
on complex system behaviour and explore learning
opportunities (Forrester, 1961; Sterman, 1994). Examples
of outstanding research in related fields of global health
using SD include polio (Thompson & Tebbens, 2007,
acknowledged by the SD Society via the Forrester
Award), diabetes (Homer et al., 2014) and climate change
(Sterman et al., 2012, both recognized by the SD Applica-
tion Award). While I have not tested Kopainsky et al.'s
model thoroughly, below I comment on the model's
reporting standards, highlight a counterintuitive insight
revealed by her research and suggest to expand the model
boundary. Finally, I recommend transferring the model
into a management flight simulator so that decision
makers can explore and learn about this complex system
for themselves, in particular how it works and where its
high leverage points may lie (Sterman, 2014a).

2 | ON MEETING THE INTENDED
PURPOSE, BUILDING CONFIDENCE
AND REPLICATION

Meeting the model's intended purpose and building con-
fidence in it are crucial for decision makers using
it. Generally, as all models are wrong, complete valida-
tion is unattainable. However, as we rely on models for
decision making, they should fit the purpose despite their
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inevitable limitations (Sterman, 2000). Kopainsky et al.'s
model aims to enable Swiss decision makers to learn about
the dynamically complex agriculture-health-climate
system. It should thus be suitable to enhance decision
makers’ mental models and must therefore meet the
highest standards of confidence building (Sterman, 2000).
Model replication is one means by which to build con-
fidence. Kopainsky's model and paper meet many rele-
vant reporting guidelines (Rahmandad & Sterman, 2012).
On their meeting model reporting requirements to ensure
the findings' reproducibility, the model is available as
supplementary material and meets the Minimum Model
Reporting Requirement. It is transparent and freely
available in Vensim, and all equations are commented
on. The technical documentation (Kopainsky, Frehner, &
Miiller, 2020) provides information on substructures and
key data sources. However, more information is needed
to enlarge incidence and quality of model assessments
and reproductions. I thus recommend providing explana-
tions of the (major) equations and a conceptual model
overview in a separate publication. Regarding simulation
reporting requirements, Kopainsky et al. provide parame-
ter settings for the different scenarios and reports, ‘[w]hile
model behavior in the respective simulation runs is indeed
quite sensitive to these assumptions, the relative differ-
ences between different simulation runs are not’
(Kopainsky et al., 2020). Confidence would be increased
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were she to show the parameters’ sensitivity, even when
obvious, at least in the appendix. Kopainsky et al. meet the
call for more rigor in SD modelling (Barlas, 1996;
Homer, 2019; Meadows & Robinson, 1985; Rahmandad,
Oliva, & Osgood, 2015; Sterman, 2018), having performed
statistical analysis, including Theil. To meet optimization
experiment reporting requirements, 1 recommend also
showing reports on model optimization. The optimization
procedure helps to explain the behaviour of this higher-
order, nonlinear system.

3 | ONCOUNTERINTUITIVE
INSIGHTS: THE INTERPLAY OF
DAIRY AND BOVINE CATTLE

SD analyses are powerful and insightful when they reveal
counterintuitive insights (Forrester, 1971). Kopainsky
et al.'s analysis provides such an insight within the sub-
structure of cattle breeding: were beef production to fall by
50% (SFP scenario), one would expect a corresponding live-
stock decrease. However, surprisingly, and per Kopainsky
et al.'s analysis, livestock remains rather high. To reflect on
this, I developed an enhanced feedback diagram, based on
real-world understanding (Wiirdinger, 2019) (Figure 1).
The additional detail versus Kopainsky et al.'s figure 5 high-
lights the interconnectedness of dairy and bovine cattle
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during all cattle ages. It enables us to better understand
the cattle industry and assess possible policy intervention
effects. Female cows ‘produce’ milk, and (male) bulls are
‘used’ for reproduction and bovine meat ‘production’.
Heifers (female calves) become pregnant within roughly
24 months from birth and, on average, have four more
pregnancies. After casting, they give milk for about
10 months. Male calves become fattening bulls at
12-24 months of age. They are slaughtered for different
meat types (veal, young cattle beef, etc.), while some
become breeding bulls that are eventually slaughtered.
Female cattle can be slaughtered for bovine meat at any
age, unless they are pregnant.

Kopainsky et al. state that the dairy and bovine cattle
system in Switzerland is currently in approximate bal-
ance: Four out of five dairy cows are slaughtered, and
only one is necessary for sufficient milk. The balance ‘is
lost if the demand for bovine meat declines considerably’
(Kopainsky et al., 2020). Decreased meat consumption
has reduced demand for bovine cattle. Kopainsky et al.
state that consumers replace lost protein intake with
dairy products. Thus, more cows must lactate to meet
increased milk demand—meaning more female calves
being born and raised. This increased demand for dairy
products counterintuitively compensates some of the
originally decreasing cow stock.

Worse, to keep cows lactating, surplus cows must be
born to meet the demand for dairy products. The open
question remains: what happens to the surplus cows?
The model does not answer this question, but could
potentially trigger a conversation between decision
makers on the issue, providing insights embedded in the
science of cattle breeding. These insights should be
understood for policy design, particularly as the question
raises ethical issues regarding animal welfare. Would
these cows be killed, like male chicks in the chicken egg
industry? Or could sexed sperm be used to artificially
increase the proportion of female cattle (Hayakawa,
Hirai, Takimoto, Ideta, & Aoyagi, 2009; Kaimio
et al., 2013), thereby reducing the proportion of male cat-
tle (no longer needed for bovine meat)? Deeper analysis
of this substructure would be enlightening.

4 | ON EXPANDING THE MODEL
BOUNDARY

41 | On meat and dairy alternatives and
demand

These thoughts imply further testing of the model bound-
ary. Meat and cow milk alternatives could become more
relevant, shifting demand from (bovine) dairy and

weakening the above-described issue. I thus recommend
extending the model boundary around meat and milk
alternatives.

While the market for meat alternatives is relatively
small versus the meat industry (€2.8 billion in Germany
in 2018, for example, Jetzke et al., 2020), the industry is
growing and receiving increasing media, public and
policy attention. Meat alternatives include novel food
such as in-vitro meat, 3D printed food and edible insects;
plus plant-based meat substitutes (Jetzke et al., 2020). In-
vitro meat (for the food industry) is bred outside the ani-
mal organism based on culture cultivation of stem cells
(Post, 2012, 2014). This technology requires further devel-
opment for large-scale production (Bhat, Kumar, &
Fayaz, 2015), but market players expect to be able to offer
in-vitro burgers for a larger customer base by the mid-
2020s. Likewise, 3D food-printing technologies are not
yet available for large-scale production (Sun, Zhou,
Huang, Fuh, & Hong, 2015).

For about 2.5 billion people, especially in tropical
regions, edible insects are a dietary staple. In Europe,
insects are often processed as ingredients in protein bars,
shakes, snacks and pasta or burgers or are available
whole. Insects including locusts and mealworms are
often even more nutritious than beef, chicken and pork
(Payne, Dobermann, et al., 2016; Payne, Scarborough,
Rayner, & Nonaka, 2016). Insects are caught in their nat-
ural habitats (Van Itterbeeck & van Huis, 2012) or
farmed (Hanboonsong, Jamjanya, & Durst, 2013; Van
Huis et al., 2013). Market volume for insects in Europe is
expected to triple by 2023 to $1.2 billion (van Huis &
Tomberlin, 2017).

Finally, plant-based products are already available on
a larger scale. They are based on seitan (wheat protein),
soil mould (fermented fungal mycelium), soy (textured
soya protein) and other protein-containing plants or
seeds, such as lupins or peas. The market share is rela-
tively small (in Germany, about 6% in 2017) but growing
strongly (in Germany, 18% annually) (Jetzke et al., 2020).
The high growth is attracting many new companies,
including the U.S.-based Beyond Meat, whose share price
is approximately 400% above the issue price (3 July 2020).
In addition, conventional meat producers have begun
introducing plant-based alternatives (Jetzke et al., 2020).
This indicates future market potential.

Similarly, while the market for plant-based dairy
alternatives (cheese, butter, drinks, etc.) with almond,
oat, pea or soy milk is small compared to the milk mar-
ket, plant-based alternatives have become more attractive
to consumers. Milk consumption per capita in Germany,
for example, has decreased over the last decades
(Statista, 2020) and in the United Sales, sales have
decreased by 8% and increased for milk alternatives up to
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23% (oat milk) and 51% (nondiary milk blends) in 2018
(Nielson Market Analysis, 2018). Worldwide sales for
milk alternatives are expected to nearly double from
$16.8 billion to $34.6 billion by 2029 (Statista, 2019).

Meat and dairy alternatives have lower environmen-
tal impacts with lower greenhouse gas (GHG) emissions,
water consumption and land use (Mattick, Wetmore, &
Allenby, 2015; Poore & Nemecek, 2018; Smetana,
Mathys, Knoch, & Heinz, 2015).

Including more attributes around supply-demand
could support analyses in two directions. First, such
expansion of the model boundary could increase under-
standing of the conditions about the transition. It could
enable testing impacts of technological breakthroughs or
increased attractiveness on demand, the agricultural sys-
tem, land use, animal welfare and the environment, pos-
sibly replacing demand not only for meat but also for
dairy products. The model could incorporate specific sub-
structures on price, supply, food safety, animal welfare,
time delays for declaration of new technologies, liabilities
and social acceptance (as modelled in Struben
et al.,, 2014). Second, it could address policy questions
around transition pathways. Introducing meat and dairy
alternatives would require capturing demand and its
drivers explicitly to test sensitivities for demand shifts.
These could enable assessing which market segments are
addressed, how demand for different products is created,
how products diffuse among consumers (vegetarians,
vegans) and what the motivations for the shift are (see,
for example, Ploll, Petritz, & Stern, 2020). Regarding the
latter, there is a difference in the effect on demand
whether the transition is embedded in a belief to become
vegetarian or vegan (thus consumers completely avoiding
meat or meat and dairy products) or just following fash-
ion trends (thus enjoying meat and products with plant-
based milk alternatives in addition to meat and dairy
products). These insights could help designing effective
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policies for weakening the issue around the cow stock
that Kopainsky et al. describe.

4.2 | On impacts: Groundwater quality
and levels

Kopainsky et al.'s model captures the important impacts
land use and GHG emissions. Including GHG emissions
(e. g. methane emissions from livestock) is crucial so that
Swiss decision makers understand the impact of their
decisions in the agricultural and health sectors. A recent
climate analysis showed that Switzerland is behind on
meeting GHG emission goals from land use, land-use
change and forestry, as indicated in its National Deter-
mined Contributions (Climate Action Tracker, 2020).

However, decision makers must also understand
other critical health and environmental effects. With
land-system change, climate change and nitrogen,
Kopainsky et al. capture three of nine planetary bound-
aries defined by Steffen et al. (2015). For decision makers
to develop a more profound and comprehensive under-
standing of the impacts of their decisions, I recommend
adding more impacts, including (ground-)freshwater
quality and supply.

First, decision makers should understand the envi-
ronmental impacts of both organic and synthetic
fertilizers (Tian et al., 2020). Nitrate from intensive mass
animal farming seriously threatens groundwater quality.
Greater use of fertilizers increases yield as plants take up
nitrogen, which Kopainsky et al.'s model captures, but
overuse leads to fertilizer run-off, contaminating ground-
water, damaging nature and posing health risks for
humans via water consumption, as nitrate is transferred
into toxic nitrite in the stomach. I recommend adding
more dynamics around nitrate (Delwiche, 1970; Fowler
et al., 2013) and groundwater quality (see Figure 2, which
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shows a simplified subsection of the nitrate cycle) so that
Swiss decision makers see the environmental impact of
fertilizers and avoid the situation in Germany, which was
fined by the EU for excessive nitrate concentration limits
in groundwater over many years (Macintosh, 2018).

Second, I recommend including groundwater levels.
While water supply for irrigation is not (yet) scarce in
Switzerland (Eidgendssisches Departement fiir Umwelt
and Bundesamt fiir Umwelt, 2012), recent satellite data
show that levels of groundwater and surface soil moisture
are declining (Carlowicz, 2020) in the northern part of
Switzerland, threatening agricultural conditions. Addi-
tionally, melting Alpine glaciers might lead to increased
fresh water in the near future, but less in the longer-term
(Sommer et al., 2020). This could affect the growing mix
of plants, depending on irrigation requirements.

4.3 | On being bipartisan: Other
nutrition and health implications of food
portfolios

Further, I suggest adopting a bipartisan approach, provid-
ing decision makers with both measures and the struc-
ture that drive the dynamics of the system. This will
enable them to test (combinations of) policies and actions
and explore which combinations lead to which impacts
on the agriculture-health-environment system. Many
studies are being conducted on sustainable and healthy
diets (Afshin et al., 2019), including lactose intolerance
and cow milk consumption (Claeys et al., 2013; Claeys
et al., 2014; Thorning et al., 2016), obesity (Struben,
Chan, & Dubé, 2014; Swinburn, Dietz, & Kleinert, 2015),
allergies (Braun-Fahrlinder & Von Mutius, 2011;
Christie, Hine, Parker, & Burks, 2002; Sharief, Jariwala,
Kumar, Muntner, & Melamed, 2011), diabetes (Hu, 2011;
Tay, de Bock, & Mayer-Davis, 2019), heart attacks
(Estruch et al., 2018; Kushi et al., 1985; Stampfer, Hu,
Manson, Rimm, & Willett, 2000), (red) meat consumption
and the increasing risk of cancer (Bouvard et al., 2015;
Burki, 2012; Domingo & Nadal, 2017) and dietary effects
on the environment (Swinburn et al., 2019). However,
there is scientific (and public) confusion about impacts.
For example, regarding cancer, there is disagreement of
the effect of red meat (Binnie, Barlow, Johnson, &
Harrison, 2014) and other effects on health reported in
the literature (Ioannidis & Schoenfeld, 2012).

Similarly, it would be insightful to enable decision
makers to test impacts on agricultural demand and supply,
public health and the environment if Swiss diets were to
differ from those depicted by Kopainsky et al.'s scenarios.
For example, what if consumers (a) more and more
decided to become vegetarian or vegan as a consequence of

Covid-19 (thus pulling demand in that direction),
(b) increasingly followed recommendations of the EAT-
Lancet study (Willett et al., 2019) or (c) started to follow
recommendations of another nutrition study, similarly con-
troversial but with large societal impact such as the China-
Cornell-Oxford study (Campbell & Campbell, 2016; Jun-
shi, Campbell, Junyao, & Peto, 1990), which suggests
replacing animal products with plant-based products.

44 | On enabling decision makers to
learn for themselves

Finally, a benefit of simulation models is that they enable
decision makers to explore the system for themselves and
replace instinct with formalized models embedded in sci-
entific insight. I thus recommend evolving the model into
a management flight simulator (Bakken, Gould, &
Kim, 1992; Elsawah, McLucas, & Mazanov, 2017;
Meadows, 2007; Sterman, 1989, 1994, 2014a, 2014b) with
an attractive, easy-to-understand interface akin to the C-
ROADS (Sterman et al.,, 2013) and En-ROADS (Jones
et al., 2019) climate-energy simulation models. Through
such visualization, political and corporate decision
makers, legislators, educators, the media and the general
public can form their own scenarios, experiment and
draw conclusions for scientifically based policy design
and learning for themselves.

If Kopainsky et al. continue to develop their simula-
tion model on agriculture, health and climate, incorpo-
rating the above-described domains, it could become a
major resource for better decision making.
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