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The social dilemmas of climate change and
antibiotic resistance: an analytic comparison and
discussion of policy implications
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Climate change and antimicrobial resistance are two of humanity’s most imminent problems.

Reducing the use of fossil fuels and antibiotics is essential for managing the threats, and

theory-based policies are required to stimulate urgently needed behaviour change. This

article analyses climate change and antimicrobial resistance within the context of game

theory. Previous literature has identified these problems as Commons tragedies, where

inherent incentive structures encourage selfish overuse of existing resources. While the game

theoretical models provide a helpful conceptual basis, the present analysis suggests dis-

crepancies between some of the theoretical assumptions and the practical realities of climate

change and antimicrobial resistance. These include complex networks of decision makers,

non-binary choice contexts complicated by temporal and spatial distance between choices

and outcomes, and different ethical implications of resource overuse. Policy implications are

discussed, highlighting the need of global agreements for coordinating local initiatives for

both dilemmas. However, different target groups may be necessary to address the existence

of gate keepers (e.g., medical prescribers) in antibiotic use. Additionally, while certain policies

types (e.g., information policies) apply to both dilemmas, more nuanced ethical considera-

tions mean that some economic policies (e.g., punitive policies) may be limited to managing

climate change.
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Introduction

C limate change (CC) and antimicrobial resistance (AMR)
are two of humanity’s most imminent existential problems
(IPCC, 2018; O’Neill, 2016). A global temperature rise

above 2 degrees Celsius is expected to lead to for example an
increased frequency of droughts and flooding, generating
immense human suffering (IPCC, 2018). Similarly, by 2050,
about 10 million people are expected to die every year from the
consequences of AMR (O’Neill, 2016).

Scholars have acknowledged that the commonalities of CC and
AMR are not limited to their urgency, severity and global
dimension. They may also be interconnected, with climate change
being a contributor to AMR, for example through the spread of
disease vectors (Helwig, 2019). Additionally, the two problems
share a similar underlying structure: They can both be under-
stood as social dilemmas, in the sense that individual rationality is
at odds with collective interests (Anomaly, 2010; Roope et al.,
2019). People’s consumption of fossil fuels and antibiotics is
rational at the individual level, because it serves short-term,
personal benefits: Fossil fuels provide comparatively cheap and
easy access to energy needed for everyday conveniences (e.g.,
driving cars); and antibiotics provide efficient treatment for
bacterial infections. Even though antibiotic medication often
comes at a cost of immunocompromise or other side effects, these
disadvantages are not well-known among the general public
(Davies et al., 2013), or frequently dismissed by healthcare
practitioners in the face of larger medical threats such as potential
sepsis and death (Krockow et al., 2018). It is important to
acknowledge the lack of viable alternatives to fully replace fossil
fuels and antibiotic medication while maintaining the current
standard of living. Instant cessation of all use of fossil fuels, for
example, would likely lead to a collapse of the global economy
and infrastructure, and antibiotics save lives and reduce suffering
worldwide. However, current consumption of fossil fuels and
unnecessary use of antibiotics are costly for collective goals, which
include preventing rampant CC and decelerating the spread
of AMR.

The social dilemmas of CC and AMR require behavioural
strategies (e.g., Colman et al., 2019; Milinski et al., 2008; Roope
et al., 2018) and coordinated action to manage (Jagers et al.,
2020). However, the existing literature falls short of a sys-
tematic conceptualisation and direct comparison of CC and
AMR to form the theoretical basis for comprehensive policy
suggestions.

In this article, we propose to provide this urgently needed
systematic analysis of CC and AMR, using game theory as a
conceptual basis. We aim to provide an analytical comparison
between the theoretical literature and the reality of CC and AMR.
Additionally, we will present a conceptual comparison between
the two social dilemmas. Both of these objectives will feed into the
overall aim of discussing policy strategies to tackle CC and AMR.
Specifically, we aim to address three main research questions: (1)
How do core assumptions of game theory correspond to the real-
world cases of CC and AMR? (2) How do CC and AMR compare
in their social, political and behavioural challenges? and (3) What
are the policy implications of this theoretical analysis, and what
considerations need to be made when designing policy approa-
ches to target CC and AMR? The remainder of this article will be
structured as follows. First, we provide a theoretical overview of
social dilemmas in the context of game theory. Next, we will
present a step-by-step analysis of CC and AMR against the typical
features of social dilemmas. Then, we will compare collective
action approaches targeting AMR and CC, and contrast both with
recommendations from game theory. Finally, we will discuss the
implications of our analysis and make theory-based recommen-
dations about the types of collective action that may prove most

successful in different types of social dilemmas including CC
and AMR.

Social dilemmas
Both CC and AMR have been argued to have the underlying
structure of a social dilemma (e.g., Colman et al., 2019; Milinski
et al., 2008; Rogers Van Katwyk et al., 2019; Roope et al., 2018).1

The term describes choice situations with two properties: “(a)
each individual receives a higher payoff for a socially defecting
choice […] than for a socially cooperative choice, no matter what
the other individuals in society do, but (b) all individuals are
better off if all cooperate than if all defect” (Dawes, 1980, p. 169).
Hence, social dilemmas are situations where individual rationality
is at odds with collective interests (Anomaly, 2013; Roope et al.,
2019). More specifically, CC and AMR are examples of Commons
tragedies, where an existing common resource—a stable climate
and antibiotic drug efficacy—are in danger. In Hardin’s original
example of a “Tragedy of the Commons”, several farmers com-
pete for the resources provided by a public meadow (the “com-
mons”) (Hardin, 1968). The meadow offers free food for their
sheep, and the more sheep each farmer sends to graze, the higher
their personal benefit will be. The meadow, however, can only
accommodate a limited number of animals, and if maximum
capacity is surpassed, the grassland will degrade, thus making
future use impossible and harming all farmers in the long run.

Analytic comparison of CC and AMR
Next, we will consider the dilemmas of CC and AMR in the
context of key assumptions underlying Hardin’s (1968) classic
example, subdivided into assumptions regarding the decision
makers, the common good and the decision strategies available in
the choice context.

Decision makers
Autonomy. In the classic Commons tragedy, all decision makers
are assumed to make their own, independent choices. However,
in real-life dilemmas, representatives exist who often take on
mediating roles or make choices on behalf of others. In the case of
AMR, many nations have antibiotic gate keepers in the form of
medical prescribers and pharmacists to formally regulate anti-
biotics access of (medically naive) patients. These cases of deci-
sion representation have previously been modelled as principal-
agent problems (Tarrant et al., 2019), which conceptualise the
representative decision maker as agent and the passive stake-
holders as principals. Principal-agent relationships introduce an
additional level of complexity to social dilemmas, because they
allow room for conflict of interest between principals and agents.
For example, in the context of AMR, it has been argued that
antibiotic gate keepers may wish to reduce their antibiotic pre-
scribing but that this wish is difficult to reconcile with patient
expectations (Krockow and Tarrant, 2019; Tarrant et al., 2019).
While more decision autonomy exists in the case of CC, people’s
choices are often limited indirectly, for example based on avail-
able infrastructure. It is difficult to use electric vehicles if there are
no charging stations, and sometimes dangerous to commute by
bike if there are not proper bicycle lanes.

Symmetry. The classic Commons tragedy assumes decision
makers with equal roles and equal impact of their decisions
(Colman, 2013). However, both CC and AMR are characterised
by the existence of various types of decision makers, all with
different roles and impact. In the context of CC, decision makers
include a heterogeneous range of producers, consumers (indivi-
duals and larger organisations), fossil-fuel companies and more.

ARTICLE HUMANITIES AND SOCIAL SCIENCES COMMUNICATIONS | https://doi.org/10.1057/s41599-021-00800-2

2 HUMANITIES AND SOCIAL SCIENCES COMMUNICATIONS |           (2021) 8:125 | https://doi.org/10.1057/s41599-021-00800-2



The impact of these decision makers’ choices differs greatly
according to their role. While any individual consumer is unlikely
to make a large contribution to CC, multinational companies
often have significant carbon footprints. Similarly, in the health-
related context of AMR, the diverse range of decision makers
includes different types of doctors, patients, healthcare institu-
tions and pharmaceutical companies. Additionally, these decision
makers will be influenced by their respective national contexts
and healthcare systems including differences between private and
public healthcare (Tarrant et al., 2021). Given these various levels
of impact, one solution is therefore to identify larger “superusers”
(Quail et al., 2017), e.g., actors within the fossil-fuel or pharma-
ceutical industry, and ensuring they are held accountable for their
imminently more significant actions.

Another aspect of symmetry are equal utility functions.
Contrary to Hardin’s (1968) Tragedy of the Commons, where
every farmer bears the same cost associated with the degradation
of the commons, CC and AMR are characterised by inequalities
between stakeholders. Consequently, the preservation of the
commons is more important to some stakeholders than to others,
and these different interests may prevent globally acceptable
norms for cooperative action. For example, individuals inhabiting
coastal regions prone to increased flooding under rising
temperatures are likely to suffer disproportionately from the
effects of CC. Similarly, in the context of AMR, people living in
low- and middle-income countries with less hygiene and infection
control are likely to be more affected by a lack of effective
antibiotic drugs than those living in richer countries.

Information. The original Commons tragedy assumes the deci-
sion makers’ complete information about the decision context,
meaning they know the available strategies, the associated out-
comes, the number of other decision makers involved in the
problem and all their respective outcomes (Colman, 2013). In the
case of CC and AMR, however, some decision makers may not
even be aware that a problem exists. While media warn about the
dangerous consequences of CC and AMR, exposure to such
outlets depends on the geographic and socio-economic back-
ground of the decision makers. Even if information is available,
many people may hold incorrect or incomplete beliefs about the
respective dilemmas. Lay people depend on the soundness of
scientific findings and on the accurate communication of those
findings by media and national organisations. In the case of
representative decision makers acting on lay people’s behalf (e.g.,
doctors or politicians), lay people have to further rely on those
decision makers’ competence. This reliance on expert knowledge
and judgement requires a large amount of trust on behalf of the
lay population. Nevertheless, this trust risks being undermined in
cases of fake news or filtered news reporting in countries lacking
free journalism. In the context of AMR, for example, trust in the
national healthcare system may be a crucial determinant of
patients’ acceptance of their doctors’ antibiotic prescribing choi-
ces (Robertson et al., 2018). Given this complex information
context, it is hardly surprising that surveys of patients repeatedly
show misguided beliefs about AMR and antibiotic use (Hwang
et al., 2015). In the case of CC, misinformed individuals and
lobbyists frequently attack scientific knowledge, thus under-
mining trust (Dunlap and McCright, 2011).

Perfect information. In many laboratory studies of social dilem-
mas, previous choices of other decision makers are known. This
most commonly applies when participants play repeated rounds
of the same public goods game or if they are given the option to
punish non-cooperative individuals through payoff deductions.
Empirical research suggests that cooperation may increase if
information about other participants’ (previous) choices is

available. This is because perfect information may help to create
social norms for behaviour (including associated emotions of
shame or guilt) and it may allow for the sanctioning of free riders
(for reviews of the experimental literature see Bowles and Gintis,
2008, and Ostrom, 2000). Yet, real-life dilemmas such as CC and
AMR often lack this level of transparency. At national or orga-
nisational level, greenhouse gas emission levels sometimes need to
be declared and the information is passed on by relevant
authorities and environmental protection agencies. However,
much less information is available at the individual level and the
average citizen may have difficulties singling out defectors or
recognising co-operators. The same is true for antibiotics. While
information about the total use of antibiotics is typically aggre-
gated at the national level (or sometimes at local levels of indi-
vidual healthcare institutions), individual antibiotic usage is
difficult to track, for example, due to the limited existence of
electronic prescribing and monitoring systems. In both real-life
dilemmas, decision makers lack information about the choices of
their peers and this makes it difficult to establish the carbon
footprint or overconsumption of antibiotics by others, and to
discipline defectors.

The commons
Renewability. In the classic Tragedy of the Commons, the com-
mon good is finite and non-renewable: Subsequent to over-
grazing, the meadow turns into fallow land and ceases to benefit
any farmer. The characteristics of the commons involved in CC
and AMR, however, might be more complicated. In the context of
CC, a stable and comfortable climate is the resource at stake, and
this resource is threatened by greenhouse gas emissions. How-
ever, in contrast with Hardin’s (1968) grassland resource, the
climate cannot become “depleted”. A more useful concept is that
of absorptive capacity, which refers to the amount of greenhouse
gas emissions that can be absorbed by the environment without
producing lasting damage to the climate. Depending on this
absorptive capacity, emissions may lead to different possible cli-
mate states that vary in their hospitality for human life. In con-
trast, AMR develops when particularly resistant bacteria survive
the use of antibiotics and subsequently pass on their naturally
resistant genes to other bacteria. This evolutionary process of
genetic adaptation ensures survival of the resistant microbes and
is therefore unlikely to be reversible (Alison et al., 2016). How-
ever, ongoing research in the biomedical sciences is focused on
discovering new antibiotic drugs (Davies and Davies, 2010),
increasing efficacy of existing antibiotics through “adjuvenants”
that prime our immune system (Anomaly, 2020), and alter-
native treatment options for bacterial infections such as phage
therapy (Lin et al., 2017). Hence, even though there is a danger
of antibiotic drug efficacy becoming depleted, significant sci-
entific developments could lead to a sudden change in the
situation of the commons. However, it is currently impossible
to predict the likelihood or timeframe of such scientific pro-
gress (Anomaly, 2020).

Tangibility and necessity. In Hardin’s (1968) Tragedy of the
Commons’ example, the commons is a highly tangible resource: a
meadow whose degradation is highly visible and affects all
farmers in equal measures. In contrast, both CC and AMR
involve much more abstract resources and are therefore less
tangible in the sense that (a) the depletion of the resource is not
visible to the naked eye (e.g., Rose, 2009) and (b) the depletion of
the resource may not affect all stakeholders to an equal extent.
Both the concept of climate stability and antibiotic drug efficacy
require underlying knowledge and a capacity to understand
scientific processes. Additionally, given the longer-term
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consequences of using fossil fuels or antibiotics, CC and AMR are
difficult to observe and track by individual decision makers. In
fact, with AMR occurring at the invisible level of microbes, even
highly educated members of society, including non-specialist
doctors, are often unable to gauge the scope of the problem.
Furthermore, in the classic Tragedy of the Commons (Hardin,
1968), the resource is essential to the survival of all decision
makers because no alternative resource exists. This makes the
degradation of the commons highly relevant to every member of
the community, and therefore very tangible. By comparison, CC
and AMR lack concreteness compared to the problem of a
deteriorating grassland. This may result in decreased salience of
the problem and a lacking sense of urgency or necessity to pre-
serve the resource at stake.

Strategies
Choice structures. In the classic social dilemma situation, the
available strategies are clear; each actor has to decide between
cooperation and defection. Real-life dilemmas, on the other hand,
rarely have such a simple decision structure. In the case of CC,
hardly any choices are categorical. For example, when deciding
about the use of fossil fuels, few decision makers face an all-or-
nothing type dilemma, which would require choosing between
not having a car and using a car for every single journey. Instead,
their choice may fall along a continuum, requiring nuanced
decisions about how often to use a car, whether to engage in car
share opportunities and what car model to purchase in the first
place. These nuanced decisions may often be guided by social
norms (Ostrom, 2000).

In the case of AMR, the available strategies may be even more
complex and it is often impossible to identify a strategy of
“appropriate” antibiotic prescribing (Tarrant et al., 2020).
Typically, any treatment decision is preceded by a sequence of
choices, which form part of a longer decision making process.
This, in turn, is further influenced by macro- and mezzo-level
factors such as the state’s healthcare policy, pharmaceutical
distribution and health insurance systems (Tarrant et al., 2021).
Initially, a general (binary) judgement about the existence of a
bacterial infection has to be made. This will be followed by
decisions about the type of antibiotic (e.g., broad-spectrum vs.
narrow-spectrum), the mode of delivery (oral vs. intravenous),
and the treatment length and dosage (Rawson et al., 2016). Both
treatment length and dosage are continuous variables and the
categorical choice about the drug type has a large number of
different options. Given the complicated choice structures,
identifying collectively optimal strategies in the cases of CC and
AMR can be challenging. Behavioural recommendations will
invariably be complex and vary for each actor in the dilemma.

Labelling of strategies. In the classic social dilemma situation, the
individual self-interests are in conflict with the interests of the
collective. Hence, scholars typically distinguish between selfish
defection and community-oriented cooperation. These clear
labels have strong ethical connotations, marking defection as the
socially undesirable choice. For example, in the context of CC,
overuse of fossil fuels is typically interpreted as an undesirable,
selfish action. However, such labelling of strategies is of course
oversimplified, for example there are ethical arguments for why
poor people should be allowed to emit more carbon (Jakob and
Steckel, 2014) and people can emit climate gasses aiming to do
good. In the case of AMR, to label antibiotic use or prescription as
selfish defection is naïve or even wrong. In very few instances of
antibiotics overuse are doctors assumed to be motivated by
concerns conventionally understood as selfish. The incentives for
overprescribing are hugely complex. Doctors typically benefit

from prescribing antibiotics because it reduces their cognitive
load when making treatment choices, serves to satisfy patient
demands, or is a practical response to limiting factors of the
healthcare system (e.g., lack of healthcare insurance or over-the-
counter access to antibiotics), (Krockow et al., 2018). Yet, the
main drivers identified across a variety of both high and low-
income countries are a concern for the deterioration of the
patient and an aversion to diagnostic uncertainty that may be a
symptom of fatal conditions such as severe sepsis (Krockow et al.,
2018). Given the ultimately pro-social motivations underlying
many prescribing decisions, it is therefore difficult to univocally
condemn excessive prescribing as a morally selfish act.

Link between action and outcome. Classic Commons tragedies are
characterised by causal relationships between decisions and out-
comes. For example, the extent of the grassland’s deterioration is
a direct consequence of the farmers’ choices on how many ani-
mals to send for grazing. This causality, however, may not exist
across all real-life social dilemmas. In both CC and AMR, it is
impossible to predict or measure the effect of each individual
choice on the depletion of the resource at stake. For example, an
individual’s decision to commute by car rather than by bike leads
to higher emissions of CO2. This in turn increases the con-
centration of greenhouse gasses in the atmosphere, which—
through the Greenhouse effect—are linked to increased global
temperatures. Higher temperatures subsequently lead to droughts
and rises in sea level, both of which have negative consequences
for human societies. However, given this complex chain of events,
which may partially be influenced by additional decision makers
and situational factors, it is impossible to make direct causal
inferences between an isolated choice and CC, not least because
any one consumer only makes a very small contribution to the
problem through their individual choice. In the context of AMR,
the situation is to some extent even more complicated. The
development and spread of drug-resistant genes in microbes is
still not fully understood, and it is unclear to what extent the use
of different antibiotics promotes AMR in the environment
(Laxminarayan et al., 2013). Scientists typically agree that broad-
spectrum variations of antibiotics are more damaging than
narrow-spectrum antibiotics, because they are effective against a
wider range of pathogens at the cost of incurring higher levels of
resistance. Yet, it is impossible to measure and quantify their
respective contributions to the problem (Alison et al., 2016). This
leads to a vague, probabilistic relationship between action and
outcome, which may prevent decision makers from acknowl-
edging the damaging consequences of resource overuse and from
taking responsibility for their own choices of overconsumption.

Temporal distance. Large-scale dilemmas such as CC and AMR
are frequently characterised by both temporal and spatial distance
between decision makers (Jagers et al., 2020). The most negative
consequences of both CC and AMR are expected to affect future
generations (Fitzpatrick et al., 2019; Tarrant et al., 2019). Even
though current society already experiences some of the symptoms
of CC such as higher temperatures and increased flooding, these
effects are expected to significantly increase in gravity over the
next decades. Similarly, even though some current patients
already suffer from untreatable infections caused by multi-drug-
resistant “superbugs”, in many cases effective second-line anti-
biotics are still available to treat infections that fail to respond to
the first treatment choice. This means that those decision makers
currently emitting carbon or overconsuming antibiotics are not
the ones to ultimately bear the consequences. The result is tem-
poral distance between decision and outcome, which complicates
the social dilemma. In Hardin’s (1968) Commons tragedy, on the
other hand, all farmers suffer the consequences of repeated
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defection. Thus, all of them have some interest in preserving the
public good of the grassland. In the case of CC and AMR, this
interest is weakened, meaning that the incentives to participate in
or reinforce cooperative action are lower.

Spatial distance. Finally, while game theory poses theoretical
constraints on the geographic perimeters of the Commons tra-
gedy, this is rarely the case in real-life dilemmas. Hardin’s (1968)
example of farmers sharing a common grazing area limits the
dilemma to a restricted number of decision makers and does not
allow for external stakeholders beyond the local community.
However, both CC and AMR are problems of global dimensions,
which cannot be studied or targeted in the isolation of one geo-
graphic area. For example, the geographic origin of greenhouse
gas emissions is of little importance since gasses do not respect
geographic borders and any emission contributes to the global
challenge of CC. Hence, the citizens of all nations can be affected
by isolated actions of a few consistent defectors, which are out of
their governmental reach. This is similar in the case of AMR,
where drug-resistant bacteria frequently spread through inter-
national travel (Eggleston et al., 2010). Thus, even if antibiotic
prescribing within a specific local hospital is tightly governed and
inappropriate treatment thus minimised, AMR can easily be
introduced through patients, who have previously visited other
regions or countries. This global interdependence of spatially
distant decision makers further weakens the direct link between
the action of overconsumption and the outcome of degradation of
the commons. As a result, individual decision makers could doubt
their responsibility for the overall dilemma or their capacity to
make a meaningful change to the situation. Evidence for this has
been provided by recent interview studies of doctors, who fre-
quently blamed other decision makers for the increasing levels of
AMR and expressed their feelings of powerlessness in the face of
the complex global problem of AMR (Krockow et al., 2018).

Discussion
As shown by our analysis in the previous section and supported
by earlier contributions to the literature (Anomaly, 2020; Roope
et al., 2019), CC and AMR are complex but still share key features
of social dilemmas. This points to the relevance of game theory
for informing analysis and improving understanding of the two
problems. In both cases, (1) a common resource (stable climate
and antibiotic drug efficiency) is at risk of being lost and (2), the
inherent incentive structures encourage overuse of the resource
by individuals, thereby aggravating the problem. Even though
each individual’s contribution to the problem is small, large-
spread levels of overuse may create existential challenges for the
entire community. Hence, the commons can only be preserved if
a critical mass of decision makers choose to collaborate and
sacrifice individual gains. Results from experimental games and
field studies have identified a number of “facilitators” (Jagers
et al., 2020) that increase the likelihood of cooperation in social
dilemmas. Information and choice transparency, for example, can
contribute to cooperative actions by increasing motivations to
build a positive reputation (Fehr and Gächter, 2000; Fischbacher
et al., 2001; Ostrom and Walker, 2003). Furthermore, incentive
structures such as punishments and rewards can promote the
willingness to cooperate (Balliet et al., 2011; Balliet and van
Lange, 2013; Fehr and Gächter, 2000).

However, while these insights are helpful from a theoretical
point of view, their direct applicability to policy development is
not always straight forward in the contexts of CC and AMR,
which are complex and large-scale problems. Our detailed,
theory-based analysis showed important discrepancies between
some of the game theoretic assumptions of social dilemmas and

the real-life contexts of CC and AMR. Awareness of these dis-
crepancies is crucial for the academic discussion of these issues
and for well-motivated policy analysis.

Specifically, the large-scale, complex networks of decision
makers with varying roles and interests complicates commu-
nication and reputation building that could reinforce reciprocal
action. Additionally, the often non-binary choices in the context
of CC and AMR are difficult to label, and are further complicated
by temporal and spatial distance between choices and outcomes,
thus making it almost impossible to hold defectors accountable
for their actions. Especially in the case of AMR, where overuse of
antibiotics is often motivated by the prescribers’ altruistic patient
concerns rather than selfish interests, this incurs problems for the
application of punishment and rewards.

Given these factors, a common argument is that third-party
intervention is necessary to sustain the common resources (Jagers
et al., 2020; Mansbridge, 2014; Olson, 2009; Ostrom, 1998). For
example, Ostrom claims that collective action problems are the
“the core justification of the state” (Ostrom 1998, p. 1). Dealing
with large-scale collective action problems, many facilitators such
as direct reciprocity and reputation that can help individuals to
sustain the commons are no longer present. Hence, there is a
demand for a third-party—in many instances the state—which
has the power to coerce or encourage actors to cooperate (see
Jagers et al., 2020).

In the remainder of this section, we will discuss the potential
for such interventions in the context of CC and AMR policy,
making use of results from experimental economics. In particular,
we will address the following three key policy dimensions: (1)
scale for action, (2) target group and (3) policy design.

Scale for action. While CC is negotiated at an international level
and national policies are implemented, most studies of anti-
microbial stewardship use smaller-scale intervention designs, for
example focusing on individual hospitals or primary care trusts.
These small-scale approaches are unlikely to be sufficient for
addressing the wider, global problem. Indeed, scholars made calls
for international treaties and institutions on antibiotics similar to
those on the topic of climate change (Andresen and Hoffman,
2015; Anomaly, 2010; Ardal et al., 2016; Podolsky and Lie, 2016;
Premanandh et al., 2016). A notable example includes the United
Nations’ climate convention (UNFCCC), under which the parties
negotiated the Paris Agreement (Rizvi and Hoffman, 2015).
Indeed, recent years have seen an increase of global political
momentum to fight AMR including the WHO 2015 Global
Action Plan on AMR and similar versions by the Food and
Agricultural Organisation (FAO) and World Organisation for
Animal Health (OIE) (Ruckert et al., 2020), yet this momentum
continues to fall short of tangible and binding commitments by
the member states. Scholars have pointed out a critical “com-
mitment-compliance gap” (Weldon and Hoffman, 2021). Many
national action plans share the objectives of the WHO global
action plan, but fail to back these objectives with targeted policies
(Munkholm and Rubin, 2020). Dedicated international legal
agreements on AMR are still missing (Rogers Van Katwyk et al.,
2020a; Rogers Van Katwyk et al., 2020b), even though such
binding governance mechanisms could be considered the “gold
standard” in global health governance (Ruckert et al.). In order to
reach global AMR action, a key challenge is achieving a global
recognition of necessity (Okeke, 2009) and securing equal levels
of support for stewardship activities independent of the regional
incentives at stake.

At the same time, there is a risk of putting too much faith in an
international agreement as the only solution to this type of global
problem. Mistrust between states at the international level can
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negatively affect both the potential of reaching agreements and
the likelihood of parties following signed agreements (Barrett,
2003). Moreover, global agreements will not be successful unless
additional action is taken by decision makers at other levels. For
example, national and local governments will have to execute the
policies needed to fulfil the agreements. Furthermore, according
to the polycentric approach (e.g., Ostrom, 2010), action at
different levels can create opportunity for a wider variety of
solutions across different contexts. This can increase learning
about the kind of policies that are most successful. It can also be a
strategy, through communication and reciprocal action, to
increase cooperation (Ostrom, 2010; Cole, 2015). Hence, local
action can have positive global effects. If a city introduces policies
to reduce the number of cars to deal with local air pollution, it
will also reduce overall GHG emissions. A local hospital can
introduce new hygiene routines, which limit the spread of
bacteria and, ultimately, the need for antibiotics.

Target group. The global scale complicates reputation-building
between individual decision makers, but for “superusers” (Quail
et al., 2017) of fossil fuels and antibiotics such as large industry,
hospital chains or agricultural companies, reputation may play a
larger role. Potentially, increased transparency about internal
usage policies for critical resources could clarify how the threats
of CC and AMR are approached at governance level. Here lie
opportunities for companies to build reputations and distinguish
themselves as either co-operators or defectors in the global
dilemmas of preserving a stable climate and antibiotic drug effi-
cacy. Examples can be found in the context of CC, where inter-
national companies strive to foster a “green” reputation built on
sustainable practice that is aimed to protect the environment
(Kottasová, 2018). In the agricultural context of AMR, increasing
numbers of international restaurant chains are making public
commitments to remove antibiotics from their supply chains
(Kelso, 2021). There is of course always the risk that actors free-
ride on this mechanism and promote themselves under a false
(green) flag (Delmas and Burbano, 2011). Thus, imposing policies
that require superusers of antibiotics to publicly declare their
usage rates, could be an important step in discouraging unne-
cessary use of antibiotics.

Additionally, our theoretical analysis highlights the importance
of gate keepers, especially in the context on antibiotics use. In
many countries, patients have to obtain a medical prescription
prior to antibiotic use. Thus, their decision to take antibiotics is
not always an individual choice but can be interpreted as
interactive decision reached jointly with the gate keepers (e.g.,
doctors or pharmacists). Indeed, in some circumstances, the
patient may not have any influence on the treatment decision.

Gate keepers clearly have a pivotal role in the protection of the
antibiotic commons and this needs to be recognised in targeted
policies. Just like it could help to have superusers publish their
antibiotic usage rates, a possible step would be to track individual
prescription rates and highlight prescribers with lower rates. The
next section will focus on different types of policy designs that
can be used to target decision makers in dealing with these large-
scale collective action problems.

Policy design. In order to design policies addressing CC and
AMR, we consider the literature on rewards and punishments as a
point of departure, because both have been highlighted to be
important for generating cooperation (Balliet et al., 2011; Balliet
and Van Lange, 2013; Fehr and Gächter, 2000). Governments
may use their power to impose policies based on these. Necessary
contextual adaptations and nuances can be achieved by varying
the administrative designs, using different combinations of legal
regulations, pricing mechanisms or information. This is demon-
strated in Table 1, which provides an overview of different policy
types in the context of CC and AMR. Where possible, each policy
type is illustrated with reference to a real-life policy example. Our
categorisation should not be understood as direct policy recom-
mendation. Instead, it provides a theoretical framework that helps
to conceptualise and understand current and potential future CC
and AMR policies based on rewards and punishments.

Different policy types are likely to vary in their acceptability
across the different dilemmas. For example, the punishment of
defectors is a commonly accepted method of deterrence in the
context of CC. Taxing polluters or imposing legal punishment for
superusers of GHG emissions are often suggested by both policy
experts and political decision makers to reduce emissions. Based
on economic theory and the so-called “polluter-pays principle”,
Pigouvian carbon pricing is assumed to be both efficient and fair
(Sterner and Coria, 2013). However, punitive or tax-based
policies are uncommon in the regulation of antibiotic prescribing,
and their potential for future use may be limited. In many
developing countries, access to medication is already limited by
financial factors (Laxminarayan and Heymann, 2012) and
introducing a tax could discourage any future use of antibiotics
even in those cases where they are the only treatment option. In
many developed countries, there are subsidy schemes for
medication costs, which means that if treatment costs surpass a
critical target, all further medication expenditures will be covered
or heavily subsidised (e.g., Anell, Glenngård and Merkur, 2012).
Removing such subsidy schemes might again be ethically
controversial since this action would have disproportionate
implications for poorer or more vulnerable groups in society.
Additionally, the ambiguous ethical labelling of antibiotic

Table 1 Conceptual categorisation and examples of different policy types in the context of CC and AMR.

Economic Legal Informative

Rewarding
CC Subsidies for fuel-efficient vehicles (Sterner

and Coria, 2013).
Access to bus lanes for fuel-efficient cars
(Langbroek et al., 2016).

Information campaigns highlighting the
benefits of CO2 reduction (Markowitz
and Shariff, 2012).

AMR Financial rewards for reducing prescriptions of
broad-spectrum antibiotics (e.g., Bou-Antoun
et al., 2018).

Additional authority and rights for medical
prescribers with lower antibiotic
prescribing rates.

Information campaigns highlighting the
benefits of prudent antibiotic use (e.g.,
Belongia et al., 2005).

Punishing
CC Climate taxes for the use of fossil-fuel

(Sterner and Coria, 2013).
Ban of fossil-fuel cars in urban areas (Gundlach
et al., 2018)

Information campaigns shaming CO2-
emissions (Baek and Yoon, 2017).

AMR Withdrawal of health funding for healthcare
centres with high rates of antibiotic
prescribing (e.g., Yip et al., 2014).

Prohibition of “over-the-counter” sales of
antibiotics (e.g., Kliemann, Levin, Moura,
Boszczowski, and Lewis, 2016).

Information campaigns shaming the
overuse of antibiotics.
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overuse, which is often motivated by a prescriber’s best intentions
to reduce patient risk, creates a moral dilemma for punitive
policies in the context of antibiotic stewardship. An exception
may be taxation for unnecessary use of antibiotics for growth
promotion of livestock in agriculture (Laxminarayan et al., 2013;
Lipsitch et al., 2002), where the concerns are reduced or even
non-existent (Anomaly, 2013).

Information can reduce misconceptions about antibiotics or
give better information about the carbon footprint, but informa-
tion campaigns are often criticised for not being coercive enough,
and there is a gap between awareness and action (Kollmuss and
Agyeman, 2002). Furthermore, third-party information does not
change the social dilemma characteristics per se, which means
that individual decision makers still have an incentive to free-ride
and defect. However, information campaigns could be efficient in
order to highlight some of the unique complexities of the CC and
AMR dilemmas, and changed norms of action can potentially be
a very efficient way to deal with these problems. Through careful
message framing, for example, stronger links between individual
behaviour and depletion of the commons could be made, thus
creating a sense of necessity and responsibility for action. Both
would be crucial to pave the way for future, more coercive policies
(Vedung, 1998). Additionally, information campaigns could be
used to promote social norms that reinforce cooperation
(Bicchieri, 2002; Henrich, 2015; Ostrom, 2000), and not just
through government action. A real-life example demonstrating
the importance of social norms in the sharing of information
about CC is the Swedish phenomenon of ”flight shame”, which
describes increasing social norms against air travel that gained
momentum due to outspoken messages of well-known public
figures shared on national media (BBC, 2020). To make strategic
use of this phenomenon, governments could include similar
social norm communication in national information campaigns
targeting CC.

Conclusions
In this article, we investigate if and how game theory may be used
to model the existential threats of CC and AMR. We further
analyse how these two societal problems compare in their social,
political and behavioural challenges and subsequent policy
implications. While social dilemmas and especially the Tragedy of
the Commons may be useful to improve our general under-
standing of CC and AMR, our analysis highlights a number of
empirical discrepancies between game theoretical assumptions
and the real-life problems. For example, real-world decision
makers rarely have the autonomous, symmetrical roles assumed
in game theory. Instead, the existence of “superusers” and gate
keepers creates complicated networks of actors. Furthermore,
choice structures are seldom categorical in the real-life contexts of
CC and AMR. Most decisions include nuanced considerations
and trade-offs, which are further complicated by temporal and
spatial distance between choices and outcomes, and different
ethical implications. Policy makers need to acknowledge the
discrepancies between theory and reality when developing stra-
tegies for targeting CC and AMR. Given the global problem
scales, binding, international agreements and institutions are key
for coordinating national or local initiatives.

Policies may need to target influential groups of decision
makers such as “superusers” (e.g., large company consumers of
fossil fuels) and gate keepers (e.g., medical prescribers), and one
way of doing so is to increase transparency of actions as a way to
enable reputation building. Third-party intervention appears
necessary, and this may involve the use of rewards and punish-
ments in the context of varying administrative designs. With
regard to specific policy design, carbon taxation is often seen as

the most efficient policy to decrease climate emissions, but this
needs to be introduced with great sensitivity to national percep-
tions of fairness. The prospects for a Pigouvian tax on antibiotics
are more limited, given that such a policy would limit poorer
populations’ access to medication, and punish well-meaning but
risk-averse medical prescribers in more developed countries. Even
though information policies are somewhat limited in impact
because they do not change the structural features of the
underlying social dilemma, carefully framed information cam-
paigns that help to shape new social norms, could inspire a more
elaborated normative and philosophical discussion on the burden
and responsibilities of CC and AMR.
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Note
1 Given the public’s frequent ignorance about serious side effects of antibiotics (Davies
et al., 2013), the social dilemma of antibiotic use in healthcare may partly be based on
misinformation and could be alleviated through more appropriately framed
information.
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