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Abstract

How is it possible that, in an era of unprecedented medical progress, humanity is once again
caught in a major pandemic? Several lines of evidence suggest that advances in infectious
diseases control facilitate the development of major urban centers, global high-speed trans-
portation, industrial animal farming and ecosystem destruction. In turn, all of these are
well known to favor such diseases, thus reproducing the same kind of dynamic previously
observed in resource consumption and known as Jevons’ paradox. Such economic develop-
ments compel health systems to develop continuously just to maintain the improvements
that had already been achieved, which, furthermore, became more difficult with the general-
ization of neoliberal policies. In this process, progresses whose primary purpose is to benefit
everybody’s health are transmuted into benefits for those involved in certain economic ac-
tivities. This is especially apparent in the case of long-haul aviation, a profitable activity
aimed mainly at a high-income minority but playing a unique role in disease transmission.
The COVID-19 pandemic is, therefore, one of the most massive cost-shifting events ever. A
proposal is presented to prevent comparable if not even more harmful events in the future,
with two parts. First, a global fund with base funding from an internationally-agreed tax
on aviation, devoted to upgrading health systems and to programs to tackle sources of
emerging infectious diseases, especially wild animal trade. Second and no less important,
a global agreement to fundamentally transform agri-food systems.

Keywords: Ecological economics; COVID-19; Globalization; Air travel; Meat consump-
tion; Pandemic preparedness; Health economics; Pandemic politics; Degrowth.

1 Introduction

How is it possible that, in an era of unprecedented medical progress, humanity is once again
caught in a major pandemic? This paper suggests a systemic explanation and outlines a plan to
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prevent a comparable if not even more harmful (e.g., Mermel, 2005) pandemic in the future.
Jevons’ paradox, also known as rebound effect, takes place when greater efficiency in the use

of some given natural resource stimulates growth in the economic activities that consume the
resource, which offsets the potential benefit for sustainability (Alcott, 2005). However, resource
use is not, probably, the only aspect of sustainability to which this logic applies (Alcott, 2005;
Schneider, 2008), and, in particular, it could be crucial to understand the evolution of epidemic
risk: As the author noted in Pueyo (2014, p. 3452), advanced ways to fight against infectious
diseases have eased the development of dense urban conglomerates, industrial farms and quick
transport all over the world, which represents an excellent culture medium for any infectious
agent able to overcome the current protections. The novelties in this paper are: the detailed
justification of the feedbacks implied by this assertion; the suggestion that, to some extent,
also ecosystem destruction is integrated in this dynamic; the conceptual connection to Jevons’
paradox and also to the Red Queen phenomenon; the introduction of the distributive dimension
of these processes, noting that they involve massive cost-shifting; and a policy proposal to escape
the epidemiological Jevons’ paradox.

In infectious diseases, feedbacks offsetting progress preceded the emergence of Jevons’ para-
dox in all of its variants, as apparent from thousands of millions of years of arms race between
pathogens and hosts, a race that is considered a powerful motor of evolution and diversification.
This phenomenon is called Red Queen, because, like the character of Alice through the Looking
Glass that gives it its name, both hosts and pathogens need all the running you can do, to keep
in the same place (Decaestecker and King, 2019). In modern societies, this race has encountered
at least three important novelties. First, progresses in sanitation, medicine and health systems
gave a boost to (human) hosts, and allowed us not just to keep in the same place but also to
gain advantage in the race, decreasing substantially the presence of infectious diseases in part
of the world. This was not the end of the race, however, with bacteria developing resistance to
antibiotics (Laxminarayan et al., 2016; Holmes et al., 2016) and these and other emerging infec-
tious agents replacing those that were under control (Jones et al., 2008). Second, the Red Queen
met Jevons: the evidence synthesized in sec. 2 suggests that the improved sanitary conditions
opened the door for growth imperatives and drivers1 (Richters and Siemoneit , 2019) to lead to
the expansion of economic activities and patterns of organization that favor the origination and
propagation of infectious diseases and that, otherwise, would have probably been constrained
by these same diseases. In other words, human society is in a race not just against pathogens
(Red Queen) but also against itself (Jevons), so health systems need to run even more to keep
in the same place, let alone to stay ahead of pathogens. Third, in recent decades, the hege-
mony of neoliberal policies resulted in health systems leaving the race in many countries (The
Lancet-University of Oslo Commission on Global Governance for Health, 2014). These are the
developments that, arguably, set the stage for the COVID-19 pandemic.

Section 2 synthesizes the evidence for an epidemiological Jevons’ paradox. Section 3 discusses
the distributive issues involved. Section 4 puts forward a specific policy proposal to escape the

1In the terminology used by Richters and Siemoneit (2019), growth imperatives are conditions that create the
need for a given agent to increase its production or consumption to avoid existential consequences, while other,
less peremptory motivations for growth are subsumed under the concept of growth drivers. For a firm, the growth
imperative and the growth driver par excellence are, respectively, competition (when this compromises the firm’s
survival) and the pursuit of profit (as an end in itself). Other growth imperatives and drivers may exist for
consumers and for countries.
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paradox (which, however, would be sound even if there were no such paradox). The paper ends
with the Discussion.

2 Foundations for an epidemiological Jevons’ paradox

This section synthesizes the various lines of evidence supporting the proposal in this paper that
there is an epidemiological Jevons’ paradox as described in the Introduction, with each subsection
referring to a different economic sector, pattern or process. Of course, the mechanisms of the
bottom up feedback exerted by resource availability in the original Jevons’ paradox (Alcott, 2005)
differ from those of the top down2 feedback exerted by infectious disease, but they are suggested
to have a comparable role in their interplay with growth drivers and imperatives.

2.1 Urbanization

The suggestion in this subsection is that growth imperatives and drivers favor the agglomeration
of people in cities but that this process was traditionally counteracted by the greater prevalence
of infectious diseases in such areas, before the advent of modern sanitation and health systems.
Part of this old dynamics resurged with the COVID-19 pandemic, which exhibits a greater basic
reproductive number in larger cities (Stier et al., 2020).

It is well known that, in simple epidemiological models, infectious diseases can exert a negative
feedback on local abundance (Anderson and May, 1979). Even though it is not straightforward
to observe this feedback in nature because it is most often intertwined with other feedbacks,
there is evidence that it has much impact on some animal populations (Frick et al., 2015).
Furthermore, according to epidemiological models, since a high case-fatality rate hampers the
propagation of diseases, infections causing high mortality would only survive and become endemic
where there is a large availability of potential hosts (Anderson and May, 1979). This fact led to
the conjecture that most deadly infectious diseases needed the previous appearance of cities to
become established (Dobson and Carper, 1996).

Before the 20th century, urban mortality clearly exceeded rural mortality in Europe and
elsewhere (Storey, 1985). Even though the chemical pollution of 19th century industrial cities
played a role, it is widely accepted that the main cause were infectious diseases, in the 19th

century (Hanlon and Tian, 2015) and especially before (Walter and DeWitte, 2017). Such
diseases were favored by the agglomeration of people and also by the accumulation of organic
waste (Walter and DeWitte, 2017). According to estimates for 1700-1750, in European cities
mortality was 25% greater than natality, but they sustained their population and even grew
by absorbing immigration from rural areas, thus acting as sinks for people. Urban mortality
gradually decreased, and dropped below natality in the 19th century, but it remained greater than
in rural areas (Jewad et al., 2015). Detailed analyses of 19th century English demographic data
detect a strong positive correspondence between the size of municipalities and their mortalities,
justifying the appellative killer cities (Hanlon and Tian, 2015). In that period the (demographic)

2These are ecological terms. Top-down regulation of the population of a given species is exerted by other
species in higher trophic levels, while bottom-up regulation results from the limited abundance of species in lower
levels or of abiotic resources.
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natural growth rate of cities was still modest, but they kept growing actively by absorbing
immigration (Jewad et al., 2015).

The higher intensity of interactions permitted by high population densities facilitates disease
propagation (Bettencourt et al., 2007; Alirol et al., 2011) but also economic activity. There is
a strong positive correspondence between city size and various indicators of economic activity
and growth, with cities being often described as engines of economic growth (Bettencourt et
al., 2007). This is a fundamental reason why cities have traditionally attracted immigration.
While such density of interactions creates a potential for economic growth, its realization needs
growth imperatives or at least growth drivers, so it is these that ultimately pull people toward
cities, aided on occasions by social, cultural and political factors. Since there has always been
an economic niche for workers in rural areas, especially in the primary sector, socioeconomic
factors must have created a tendency toward some given proportion of urban and rural dwellers
(ignoring, for the moment, epidemiology). This socioeconomic attractor has indeed changed
through time, notably because of changes in agricultural productivity and other transformations
in the countryside which added a rural push to the urban pull (Jedwab et al., 2015). Whatever
the urban share of population that would have resulted from the socioeconomic attractor at
some given point of history, however, the share resulting from a more realistic attractor, with
epidemiology included, must have been substantially lower when referring to historical periods
in which, e.g., urban mortality exceeded urban natality by 25% (despite the high natality of
that times). For this tentative conclusion not to be valid, the degree of inertia in the place
of residence should have been negligible (so migratory movements would have erased, with no
delay, the impact of differences in natural demographic growth rate on the spatial distribution
of population) and the dark prospects for health and survival in cities should have exerted no
dissuasion on potential immigrants. A piece of evidence consistent with the tentative conclusion
is historians’ interpretation that Britain’s problem in the 19th century (when urban natural
growth was no longer negative but still modest) was excess labor demands centered in cities
where the rates of natural increase were lowest (Williamson, 1990: p. 5). In other words, before
the 20th century, urban population share must have resulted largely from a tension between
economic growth imperatives and drivers on the one hand and infectious disease on the other,
and advances in the fight against diseases must have freed growth imperatives and drivers to
promote large-scale urbanization.

A comparison between 19th century English and contemporary Chinese cities showed that
the relation between city size and mortality had inverted (Hanlon and Tian, 2015), so, at that
point of space and time, urban expansion would not have offset the health benefits brought
about by the new capabilities to manage diseases. In contrast, the nexus between urbanization
and infectious disease spread remains strong in most lower income countries’ megacities (whose
expansion is, however, mostly driven by the rural push) (Alirol et al., 2011). More generally,
large cities all over the world remain especially vulnerable to new, emerging diseases during the
period in which no effective treatment is available. A significant correlation with city size had
already been observed for AIDS (Bettencourt et al., 2007) and has now been found for COVID-19
(Stier et al., 2020).

In sum, urbanization appears to play an important role in the epidemiological Jevons’ para-
dox. It is, however, a double-edged sword, because it also provides opportunities in terms of
economies of scale in health care (as in other fields, Xue, 2014). Because of this, while submit-
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ting that the epidemiological Jevons’ paradox merits inclusion in future spatial planning, the
more specific policy proposals in this paper (sec. 4) focus on other facets of the economy, treated
in the coming subsections.

2.2 Connectivity and transportation

While the agglomeration of people in large cities favors interactions (and therefore the spread of
infectious diseases as well as economic activity) (Bettenecourt et al., 2007), these also depend
on subtler aspects of connectivity in social networks, and especially on the connectivity among
cities mediated by transportation. There are well-known model systems in which connectivity
and fluctuations are mutually regulated3 (Pruessner, 2012). It has been suggested that these
apply to the interaction between social networks and epidemics, based on evidence from islands
(Rhodes et al., 1997) (suggested to be extensive also to villages; Grenfell et al., 2001) reached
intermittently by infectious diseases, but the evidence is weak. Even though these specific models
do not apply to endemic diseases, such diseases could equally be subject to a negative feedback
with connectivity. In medieval Europe, the Black Death affected more severely the cities that
were better connected (Gómez and Verdú, 2017; however, this study did not separate the effect
of city size), which must have exerted a negative feedback on connectivity among people by
reducing the population of the best connected cities.

In the contemporary, globalized world, particularly important for connectivity is the intensity
and speed of long range transportation of people, livestock and products. Among the various
carriers involved, aviation merits special attention. Its yearly growth rates of 6-8% in recent
years (IATA, 2019a, p. 3) and the revenues approaching a trillion dollars (IATA, 2019b) imply
that growth imperatives or drivers are strong in this case, as is the role of aviation in spreading
infectious diseases (Wang and Wu, 2018). To have a notion of how disease propagation has
changed through history, let us consider, again, the case of the Black Death. At a estimated
speed of 330-400 km y−1, it probably took a decade or more for this epidemic to move from
Central Asia to Europe (Schmid et al., 2015). Thereafter it accelerated to more than 1000 km
y−1 (Schmid et al., 2015), which is considered an exceptional speed (Cohn, 2008), and spread over
most of Europe in only three years (Schmid et al., 2015). At speeds like these but with modern
methods to deal with diseases, COVID-19 would have hardly left Hubei. However, aviation
moves pathogens from end to end of the world overnight. Other means of transportation also
participate, but aviation is so crucial that it is the only factor considered in state-of-the-art
models of long-range propagation of diseases (Wang and Wu, 2018).

Being clear that the proliferation of aviation did offset much of the benefit that could have
been gained from progress in sanitation and health systems, the remaining question is whether
the other part of the feedback also exists, i.e., if aviation is adversely affected by infectious
diseases and owes its prominence to the current capacities to deal with such diseases. The
impact of COVID-19 on aviation is extreme and visible. By mid April, 2020, worldwide flights
had decreased by 80%, and much more if U.S. and Asia domestic markets are left aside (Pearce,
2020a), with the recovery expected to be slow (Pearce, 2020b). The theoretical implications of
this collapse are not straightforward, because much of the impact is due to measures taken by
the very governments that are committing to rescue the sector. However, many airlines were

3See Pueyo (2014) about the relevance of such models for ecological economics.
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already severely impacted before being affected by governmental decisions, because of passengers’
fear, according to journalistic sources (Isidore, 2020), and this fear would have increased if the
pandemic’s rate of growth had not been reduced by governments’ measures. On the other hand,
this was a short-term reaction, which could moderate in a scenario where a high risk of contagion
of severe infectious disease were no longer a novelty but the norm (e.g., in a post-antibiotic era,
sec. 2.3). While any discussion on a scenario like this is necessarily speculative, a number of
permanent changes discouraging air transportation appear plausible, especially at destinies, such
as: more restrictive admission norms at entry points, and quarantines being demanded with some
frequency; some social avoidance of travelers; higher disease incidence in urban regions hosting
especially active airports (like well connected cities during the Black Death; Gómez and Verdú,
2017), thus losing some vigor and appeal. All of these would be components of the suggested
negative feedback.

2.3 Livestock

Another economic sector that has undergone substantial growth in the 20th-21st centuries (largely
for luxury consumption, associated to GDP growth; FAO, 2006, p. 9) and that has an exceptional
environmental (Poore and Nemecek, 2018; Mbow et al., 2019, p. 488) and epidemiological (Gray
and Merchant, 2018; Rohr et al., 2019; Kock et al., 2020) impact is the production of meat
and other animal products. The current global biomass of mammals is 170 Mt C, consisting
of 100 Mt C of livestock (mostly cattle and pigs), 60 Mt C of humans, and 7 Mt C of wild
mammals, to be compared with the estimated 40 Mt C of (wild) mammal biomass 105 years
BP. Add to this the 5 Mt C of domesticated poultry for 2 Mt C of wild birds (Bar-On et al.,
2018). In other words, 7.7 billion people make up just 38% of the mammal mass (or 36% of
the mammal and bird mass) participating in modern societies, which is not only a problem
(animal ethics aside) because these animals need to eatSince animals need to dissipate energy,
only a small fraction of the resources fed to livestock reaches human consumers (Schader et al.,
2015). and excrete with the consequent impacts on resources and the environment (Poore and
Nemecek, 2018; IPCC, 2019, ch. 5, p. 488), but also because (details below) (1) this multiplies
the effective population susceptible to shared or shareable pathogens, (2) some features of the
industrial methods applied to sustain so much livestock magnify disease spread, (3) in part to
avoid such spread, industrial livestock production is heavily medicalized, which leads to the
evolution of antibiotic resistance in bacteria, and (4) diseases transmitted from other species
are especially dangerous because, often, people’s immune systems and societies’ health systems
are unprepared. The features of industrial farming magnifying disease spread include: high
numbers of animals per facility; high densities; early weaning which decreases immunity (Bech
et al., 1983); and intensive transportation of animals between farms and to slaughterhouses,
often at long distances and in stressful conditions (observed to induce a quick multiplication
of some pathogens; Barham et al., 2002). The resulting animal products are also transported
at increasing distances (e.g., Boqvist et al. (2014) reported that EU meat imports had nearly
duplicated in one decade).

Out of 335 emerging infectious diseases reported between 1940 and 2004, 43% were found to
have originated in wildlife and 17% in other vertebrates (i.e., basically, livestock), whereas no
zoonotic source was identified in the other 40% (Jones et al., 2008). While the ongoing ecological
disruption multiplies the transfer of diseases from wildlife (sec. 2.4), many important diseases are
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thought to have originated historically in animal agriculture, and, apparently, the comparatively
low diversity of pathogens in pre-Columbian America was due to the limited presence of this
activity (Wolfe et al., 2007). Animal food consumption is involved in the two zoonotic categories
(the crucial checkpoint is the jump and bridging of the viruses to humans, which occurs most
frequently through animal-based food systems, in words, referring in this case to viruses, of Kock
et al., 2020). The three categories are not fully separable, for two reasons (aside from an indirect
causal connection mentioned in sec. 2.4). First, more than one species can be involved, with
livestock species often playing the role of bridge or amplifying hosts for pathogens originating
in wildlife (Kock et al., 2020). Second, without need of directly causing outbreaks in humans,
antibiotic resistant bacteria originating in livestock can transmit their resistance genes to other
bacteria infecting humans (Holmes et al., 2016).

Resistance to antibiotics is an area in which the Red Queen dynamic (sec. 1) is especially
active within modern societies. 21% of the emerging diseases reviewed by Jones et al. (2008)
were caused by antimicrobial-resistant bacterial strains, with an increasing trend. One decade
ago, an estimated 25,000 people per year were killed by multidrug-resistant bacteria in the EU
alone (ECDC and EMEA, 2009), and the problem tends to worsen (ECDC and EMEA, 2009;
Laxminarayan et al., 2016; Holmes et al., 2016). Bacterial evolution has outpaced the devel-
opment of new antibiotics for long, with experts fearing a post-antimicrobial or post-antibiotic
era, in which, e.g., medical interventions needing aseptic conditions would no longer be possible
(Laxminarayan et al., 2016). This serious but underappreciated dimension of unsustainability
results from the use and overuse of antibiotics in human patients and animal agriculture (Laxmi-
narayan et al., 2016; Holmes et al., 2016), including pisciculture (Holmes, 2016). In high income
countries, the ratio between agricultural and medical use of antibiotics is close to nine (Rohr
et al., 2019). Resistance does not only evolve within hosts but also in the environment, due to
antibiotics in effluents (Laxminarayan et al., 2016; Holmes, 2016).

Because of its intimate association to the availability of antibiotics and other veterinary treat-
ments, industrial farming is a sector in which the epidemiological Jevons’ paradox is especially
apparent. However, also in this sector there are some worth-considering subtleties. The case
of Denmark, described by Wielinga et al. (2014), is revealing because of its early changes in
production practices. In Denmark there is a strong presence of industrial farming, with, among
other livestock, 111 million broiler chickens and 29 million pigs for 5 million people. Until the
mid nineties, antibiotics were applied intensively, as in most western countries, and, as is com-
monplace, they were not only used to cure animals’ disease but also for prevention and even as
growth stimulants. Their intensive use is attributed to farmers’ perception that they were needed
to avoid widespread disease in the conditions of industrial farming, as well as to veterinarians’
vested interest as sellers of the antibiotics that they prescribed (in other words, to growth imper-
atives or profit motives in these two sectors). However, immediately after new scientific findings
in those years, both the farming sector (which is special in this country because of its co-operative
nature) and the government reacted and adopted measures to reduce their application. Later,
in 2006, the use of antibiotics as growth stimulants was outlawed in the whole EU (a minimal
measure still not adopted in the U.S. and other countries). In Denmark, 60% of antibiotics
not used to treat disease were eliminated, with the help of some alternative measures to prevent
disease, and with only 1% increase in production costs (Wielinga et al., 2014). However, the
other 40% remained, and, after the initial decoupling, growth in meat production was again
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coupled to growth in antibiotic consumption (figure 4 in Wielinga et al., 2014). This suggests
that greater reductions would have greater economic impacts, or would even make intensive pro-
duction inviable. The notion that contemporary intensive animal farming would be difficult to
conceive without at least some use of antibiotics is implicit in much of the literature: e.g., Rohr
et al. (2019) attribute their use to the effort to prevent catastrophic disease-associated losses.
The epidemiological Jevons paradox affects the total consumption of animal products, because it
would not be possible to simply replace intensive by extensive farming, given the limited carrying
capacity of each territory. Extensive beef production is already a motor of tropical deforestation
(Fearnside, 2017) (and is itself subject to the epidemiological Jevons’ paradox, as shown in sec.
2.4). A detailed comparison of two global food production scenarios for 2050, business as usual
and a scenario with livestock fed only from grassland and by-products of food production, re-
vealed that animal product consumption would be at least 70% lower in the second case (Schader
et al., 2015). In a nutshell, animal-based food production is a sector in which the epidemiological
Jevons’ paradox is particularly strong, apparent and dangerous, and is tightly coupled to the
Red Queen dynamic.

2.4 Ecosystem destruction

The origin of more than 40% emerging infectious diseases has been traced to wildlife, as noted
in sec. 2.3, and there is an increasing trend in the rate of transfer of novel diseases from wildlife
to humans (Jones et al., 2008). In particular, the consumption of some wild mammal is seen
as a specially likely origin for COVID-19 (Andersen et al., 2020), which exemplifies the hazard
inherent to wild animals’ exploitation and trade (Johnson et al., 2020). It is also established
that land clearing and habitat fragmentation carries risk of emerging diseases (IPBES, 2019,
p. 22), because it creates active interfaces between society and previously remote ecosystems,
whose microbial and viral communities had been virtually isolated from the global networks of
dissemination until the arrival of the frontier of deforestation (Rohr et al., 2019; Johnson et al.,
2020). (Conversely, in such interfaces there is transfer of diseases from humans and domesticated
animals to wildlife, which can devastate wild populations; Rohr et al., 2019). There is evidence
that habitat protection reduces disease risk (Wu et al., 2020). The synergy between land clearing
and wild animal consumption is especially dangerous, lying, e.g., behind the origin of ebola (Rulli
et al., 2017).

Even though it is not claimed in this paper that the epidemiological Jevons paradox is a
universal motor of ecosystem destruction, there is evidence that it plays a role. The colonization
of Amazonia is precisely one of the few contexts in which a negative feedback involving infectious
diseases has been explicitly studied. While it is well known that rainforest colonization results,
initially, in high incidence of malaria, MacDonald and Mordecai (2019) also found that this
disease slows down colonization. Amazonia is precisely a region where deforestation is tightly
linked to the production of beef and feedstock for the global market (Fearnside, 2017). From
the conclusions of sec. 2.3 follows that the epidemiological Jevon’s paradox is an indirect motor
of deforestation for feed production. In situ beef production is directly involved in the paradox,
because these animals are heavily medicalized to resist local diseases (Meirelles Filho, 2004, p.
156).



S. Pueyo - SocArXiv, May 2020 9

2.5 Other factors

Besides the factors treated in sec. 2.1-2.4, there are other ways in which economic activities
contribute to epidemic risk, but for which no role of the epidemic Jevons’ paradox was identified,
if the general impact of diseases on economic activity is left aside. Two of these are poised to
gaining much weight in the future. First, by impacting climate. Different diseases have different
weather optima and are therefore affected differently by climate change, but a more general
impact is to compel animals to shift their geographic distributions, thus creating opportunities
to transfer pathogens to humans or other species from which they used to be isolated (Carlson
et al., 2020). There are even fears that climate change could release ancient pathogens frozen in
permafrost as this melts (Legendre et al., 2015). Second, by being involved in genetic engineering,
a technology whose unrestrained use could potentially result in the accidental or deliberate release
of novel pathogens (Green et al., 2019). The study by Andersen et al. (2020) showing that
SARS-CoV-2 is unlikely to have been engineered also serves to illustrate the hazards posed by
this technology.

3 Distributive issues

3.1 Cost shifting

In sec. 2 the epidemiological Jevons’ paradox was presented just in terms of aggregate variables.
However, it also implies that progresses whose primary purpose is to benefit everybody’s health
are transmuted into benefits for certain economic activities and the actors involved in such
activities, which, therefore, consciously or unconsciously, are engaged in systematic cost-shifting
toward the rest of society (see Spash, 2019, for a review of cost-shifting). Denmark farmers are
a reported example of economic agents becoming aware of the costs that they were transferring
and taking some steps to reduce them, but this is an exceptional case (which has been attributed
to the co-operative nature of the sector in that country; Wielinga et al., 2014), and their remedy
was partial (sec. 2.3). While all the economic processes discussed in sec. 2 result in some people
benefiting and others losing to various extents, there is one in which the contrast is extreme:
aviation.

The share of the global population participating in international air travel in any given year
is probably <4% (Appendix), which is indicative of the small minority participating in long-haul
flights (a more relevant figure). Within this group, there are major differences in the frequency of
flights. Furthermore, high frequency of international flights is often associated to high income, as
can be observed both within (Gössling et al., 2009; Graham and Metz, 2017) and among (Vogel,
2016, p. 75) countries. This is even more apparent when considering the owners of private
jets. On the supply side, aviation is a powerful sector with revenues of $838 billion and a net
profit of $25.9 billion in 2019 (IATA, 2019b), in which 5 firms control 20% international passenger
flights (calculated from IATA, 2019a). The major companies benefiting from international freight
transportation by air must also be taken into account when the kind of freight carries some
epidemiological risk. In short, both on the demand and on the supply sides, long-haul aviation is
an activity in which just a minor fraction of the world’s population is involved, largely belonging
to high income groups. This contrasts with the key role that this activity plays in the spread
of pandemics (sec. 2.2). Customers who flew in the pre-COVID-19 era cannot be blamed for
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this problem, because, in most of the information sources reaching non-specialized audiences,
pandemic risks were either ignored or portrayed as remote or under control, and the minority
within this minority who were aware of the problem might have generally seen as futile to change
their behavior in isolation; a small fraction of flights may also be seen as justified even after
factoring-in their epidemiological impact and the more widely known (and, therefore, less often
excusable) climatic impact. It is not so readily justifiable for the companies in this sector not
to have seriously addressed pandemic risks, because this problem so little known by the general
public was however well known by specialists. It has been for decades that air transportation
data have been the main foundation for analyses of the long-range propagation of diseases (Wang
and Wu, 2018), while epidemiologists repeatedly warned of the risk of a major pandemic causing
a high mortality (Mermel, 2005). Profits or growth imperatives have been taking preeminence
over the need to prevent such an outcome (and over climate), leading to transference of costs
to society, initially in the form of risk. Section 2 shows that other sectors have important roles
in the life cycle of pandemics, but also that aviation is crucial and, therefore, responsible for a
substantial share of such costs. With COVID-19, these costs have materialized, as of 11 May 2020
and with the pandemic still not receding, in the form of 283 thousand deaths officially attributed
to the disease (database by Dong et al., 2020) plus an unknown number awaiting attribution,
millions of infected people, Herculean unpaid and underpaid (if not unpayable) care work to
dampen this impact, social distancing and lockdown affecting most of the world’s population
with the concomitant psycho-social burden (or even lack of access to essential material goods;
HRW, 2020) and an incipient economic depression that will cause much suffering in growth-
dependent economies, while many air companies are being rescued with taxpayers’ money. In
the response to the pandemic, there are even reported instances of generalized police violence
against low-class citizens (HRW, 2020) who have never flown and are the least likely to have
introduced the disease to their countries. In sum, humanity is witnessing and suffering one of
the most massive cost-shifting events ever, without even being aware of it.

3.2 Inequality and health systems

While the asymmetric nature of the interactions described throughout this paper creates this
intimate association between epidemiological Jevons’ paradox and cost-shifting, the specific ways
in which the paradox materializes is also affected by other, preexisting distributive problems.
These are described briefly because they are already well known. Before the COVID-19 pandemic,
infectious diseases had ceased to be perceived as a major cause of mortality in the wealthiest
parts of the world but not elsewhere (Alirol et al., 2011). Malnutrition weakens the immune
system (Rohr et al., 2019), and insufficient access to health systems is a serious concern in
many countries. Underlying such deficiencies there are the structural inequalities of international
economic relations (The Lancet-University of Oslo Commission on Global Governance for Health,
2014), the rich history of boycotts, by high-income countries, to attempts to implement socializing
policies in low income countries (Hickel, 2017), and the structural adjustment plans imposed by
the IMF in most of the latter countries (whose impacts were quantified by Forster et al., 2019).
Such plans are a crude expression of the same neoliberal policies that have ended up affecting
virtually every country, weakening governments’ health care services and, often, leaving much
of the population with little access to any such service even in high-income countries (Labonté
and Stuckler, 2015). To some extent, everybody is eventually affected by these policies, because
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contagious diseases cannot be eradicated just for certain social classes, and because such policies
have resulted in a general weakening of health systems. The epidemiological Jevons’ paradox
compels health systems to develop continuously just to maintain the improvements that had
already been achieved, but their capacity to respond to such requirement is curtailed by neoliberal
policies. The results have become apparent during the COVID-19 pandemic. Even within the
OECD, countries more affected by such policies display higher case-fatality rates (Sherpa, 2020),
with health systems having to work under high stress and relying on extra, voluntary efforts by
health personnel, unpaid caregivers and, to a lesser extent, citizenry in general.

4 Policy proposal

The special circumstances during the COVID-19 pandemic open a window of opportunity for
policies that would have normally been perceived as unrealistic. Considering that many other
potential pandemics are in the waiting list and they could be even more harmful than COVID-19
(Mermel, 2005), this section outlines a plan to prepare for and, if possible, prevent the next
pandemic, based on scientific knowledge and equity. The plan is conceived as an international
agreement to be adopted by governments, affecting the economic activities most heavily involved
in the origination, spread and cure of infectious diseases.

The previous sections suggest that advances that are intended to benefit everybody’s health
can end up transformed in benefits for economic sectors whose activity favors infectious diseases,
creating the need of continuing efforts to keep ahead of such diseases and, therefore, of such
economic sectors. While this feedback introduces an element of futility in these efforts, decreasing
them is tantamount to surrendering to pathogens. A more desirable path of action is to create
a kind of wedge between beneficial and detrimental activities, to ensure that the former remain
structurally ahead of the latter. Even if the epidemiological Jevons’ paradox were disproved, the
COVID-19 experience would suffice to concede that, for whatever reason, the balance between
beneficial and detrimental activities is too tilted toward the latter, while the evidence given in
sec. 3.1 would suffice to conclude that there is a deep distributive injustice behind such tilt, a
twofold conclusion which would more than justify the kind of wedge introduced in this section.

The need of massive governments’ investment to upgrade health systems in most countries, in
anticipation of the next potential pandemic, would be denied by few people during the generalized
lockdown under which this paper is being written. However, not only could it be unfeasible in
many countries to fund all of this effort from, say, income or payroll taxes, but it would be unjust,
because not everybody contributes equally to this risk. A straightforward consequence of the
magnitude of the cost-shifting and the exceptional role of aviation (highlighted in sec. 3.1) is that
a tax on aviation would be much fairer. Therefore, the first part of the proposal is the creation
of a Global Pandemic Prevention and Preparedness Fund under the auspices of the United
Nations, whose base funding would come from an internationally agreed tax on aviation. This
Fund would serve to upgrade government-run or communitarian health systems (broadly defined,
including all required mechanisms to monitor and respond to emerging infectious diseases). The
Fund would also ensure the long-term continuity of such improvements, by providing regular,
predictable funding (in view of the limitations demonstrated by current international aid due
to its volatility; The Lancet-University of Oslo Commission on Global Governance for Health,
2014). This would require mechanisms to hedge against possible financial downturns in the air
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transportation industry (with a high level of commitment by the governments of high-income
countries).

A second function of the Fund would be to finance programs to prevent the emergence of
new infectious diseases, focusing where such programs can be most cost-effective. This criterion
would justify to devote special effort to tackling wild animal trade (sec. 2.4), and would also
justify programs in other areas, such as the development of solutions for the challenges posed by
biotechnology and biowarfare (sec. 2.5) (animal farming is addressed with a separate tool, below).
Wildlife trade involves a high diversity of interacting actors, including major legal businesses
(for which, as a complementary measure, new bans are pertinent, such as those being currently
implemented by some countries; CITES, 2020), criminal organizations, and local, marginalized
communities (’t Sas-Rolfes et al., 2019). A requirement for such programs to receive funding
would be a careful design to take into account the livelihoods and preferences of such communities.

Let us consider the tax on aviation in more detail. Of course this proposal relies on the
supposition that airlines will become again a viable business, in part because of the taxpayers’
money that is being spent in the rescue of some companies. The tax would be additional to
carbon taxes. It would be graded according to the distance flown, the degree of compliance
with good practices (e.g., concerning illegal wildlife traffic; Utermohlen, 2019), and, in the case
of passenger transportation, the frequency with which the passenger flies. The latter measure
intends to attenuate potential downsides of a tax on aviation, such as even greater inequality in
the access to air travel as a function of income, or a disproportionate impact on migrants who
are currently living and working far from their families. A quantitatively detailed plan is beyond
the scope of this paper, but some numbers are given for orientation. As noted, the estimated
revenue of commercial airlines in 2019 was $838 billion. The operating profit (before interests and
taxes) was $42.5 billion and the net profit $25 billion (IATA, 2019b). Little before the COVID-19
pandemic, a report of the World Bank Group (WBG, 2019, p. 17) estimated the annual cost that
would be needed for pandemic preparedness at $13 billion, which is 50% of the airlines’ net profit
but only 1.6% of their revenue, so a relatively modest tax on aviation would suffice to cover this
cost. Such a tax would also suffice, e.g., to have an impact on the level of international funding
of the control of international wildlife trafficking, with major donors having committed less than
$200 million per annum (0.02% of the airlines’ revenue) in recent years (WBG, 2016), which
however only covers a minor fraction of the needs (’t Sas-Rolfes et al., 2019). However, a higher
level of ambition would be desirable. A tax high enough to also serve to constrain long-haul
air traffic is suggested (see below), besides supplementary funding from other more conventional
sources in case this does not suffice to cover all the needs. Some more illustrative numbers,
referring specifically to health systems: commercial airlines’ net profits equal 40% of the health
expenditure in countries where one fourth of the world’s population lives, while the total health
expenditures benefiting half the world’s population equals 85% of the airlines’ revenues, and the
total revenues equal one third of the health expenditure devoted to 90% of the world’s population
(percentages obtained by sorting countries by increasing GDP pc; data for 2013 from UN, 2020,
and IATA, 2019b).

The tax on aviation would be high enough to constrain long-haul flights (in combination with
carbon taxes, whose impact, however, would be proportionally greater on short- and medium-
haul flights). At least, it would serve to constrain long-haul air traffic to pre-COVID-19 figures,
because, should growth trajectories resume after the initial impact of the pandemic (with, e.g., the
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number of international passenger-kilometres flown having increased by 7.2% from 2017 to 2018;
IATA, 2019a), epidemics would become even more uncontrollable. However, albeit a detailed
assessment is still pending, a lower volume would probably be desirable. (Should this possibility
be envisaged, the sectors dependent on air travel would need assistance from governments and
multilateral institutions for their conversion, rather than just to survive during the crisis). Since
the epidemiological impact of the number of flights is not linear, a partial decrease in air traffic
would have a modest impact on the timing of the dispersal of epidemics in their exponential phase
(Bajardi et al., 2011). However, with health systems better funded and well prepared to detect
emerging infectious diseases in their early stages, just a few days of delay would be precious time
gained to notice the presence of the disease and take stronger action while it still affects a limited
area. The benefit of combining less air travel with local containment has been modeled in the
case of COVID-19 (Chinazzi et al, 2020). It is to expect that the consequence of the tax would
be to deter some prospect customers from traveling, while others would shift to other, slower
means of transportation. Of course such modal changes do not avoid by themselves the spread
of the disease, but, following the above logic, modest decreases in the speed of propagation can
make a difference if combined with strong detection and response to emerging diseases (e.g., the
disease could be detected on time for a ship crossing the ocean to be quarantined before reaching
its destination). Indeed a policy of constraining flights would also bring substantial co-benefits
for climate, permitting greater ambition in greenhouse gas emission targets, as well as in the
sustainable use of resources, to levels that would have had much fewer options of being achieved
without the early tasting of the consequences of unsustainability brought about by COVID-19.

Industrial animal farming compares to aviation both because of its key role in pandemic
risk (sec. 2.3) and because of its financial turnover, thus deserving no less attention. Aside
from the above Fund, another part of the multilateral agreement would consist of a calendar
for each country to transform, in measurable steps, its agri-food system toward a sustainable
and epidemiologically safe model. Among other measures, countries would strive to reduce the
production and consumption of animal products (as emphasized by epidemiologists such as Kock
et al., 2020) and, in the remaining livestock, to replace the use of antibiotics by healthier living
conditions for the animals. Such changes would also bring major co-benefits for the local and
global environment, each country’s food sovereignty, and the prevention of non-transmissible
diseases (The EAT-Lancet Commission on Healthy Diets from Sustainable Food Systems, 2018)
(not to mention animal welfare). Each country would be free to apply its own policies to achieve
the agreed targets. Similarly to the case of airlines, taxes on industrial animal farming merit
consideration. They are suggested as one of the main tools for governments to achieve their
targets. However, the preferred use of these taxes is to benefit alternative agri-food schemes, in
various ways, such as: grants and loans to producers and distributors aligned with the intended
policies, financing the transition in others, research and assessment, and information campaigns
for the general public about the various benefits of diet change and advices to carry it out.

Therefore, certain asymmetries are suggested between the tax on aviation and the tax on
industrial animal farming. One asymmetry is that the first would be global, while the second
would be an optional tool for governments to comply with some given commitments. Another
asymmetry concerns how the obtained funds would circulate among broad economic sectors (such
as the transportation, agri-food or health sector). Both would be earmarked taxes, i.e., the funds
would have predefined uses, but in the first case they would be transferred to a different sector,
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while in the second they would be reinvested in the same sector (a scheme with a long tradition
in green programs; Riechmann, 1994). These two schemes have pros and cons. Only the first
serves to cover a need for funding in other, essential areas. Furthermore, in so doing, the tax
partly offsets cost-shifting. However, for the same reason, only the second prevents the possible
built-up of a vested interest by governments to perpetuate the undesired practices that originate
such costs, once these practices become the source of funding for necessary public services. Also,
the first can help to constrain the volume of the taxed sector, while the second can be more
effective to transform it. Related to this, the first would have a higher impact on the average
consumers’ prices of the products or services in the sector. The different choices in each case has
the following rationale. Because of the nature of air transportation, it should be easier to globally
agree on homogeneous taxing criteria and to supervise compliance from abroad. Given the strong
international component of this activity, it should also be easier for the public and governments
to accept the idea of the revenues of the tax being administered by a UN-dependent body and
allocated according to the needs of each country rather than their contribution. If the taxes
are homogeneous and administered by a UN body, there should be less interference of vested
interests, because of the potentially higher transparency and the absence of the factor of economic
competition among countries. Also, in principle, the impact that is sought on international
aviation, rather than transforming the sector or of fully eliminating it, is a constrain on the volume
of air traffic to levels that are more manageable epidemiologically, which could be compatible
with sustained revenues for the Fund (the logic of carbon taxes is different and complementary
because they do seek transformations in addition to reducing the volume, but not necessarily
a complete elimination). Furthermore, generally speaking, higher prices for air travel do not
affect basic needs (especially if the prices are an increasing function of the frequency of flights).
In contrast, for agri-food systems, with their partly local character and their heterogeneity, it
would be more difficult to have globally homogeneous taxes supervised internationally, and their
revenues used beyond the borders of each country. Also, a deep transformation of the sector is
essential to minimize the collective costs that it generates, so this is a worthwhile use for the
revenues of the tax, and if they ever cease to be available because the transformation is complete,
anyway they will no longer be needed for this use. Furthermore, food is a basic need, so, as long
as some kinds of food are taxed, it will be helpful to have funds available to reduce the price of
other types of food and to assess consumers on diet changes.

The application of the described measures, even if very partially, would be a formidable ad-
vance. However, an even deeper transformation is needed. In particular, ecosystem conservation
and climate change mitigation would benefit from the suggested measures, but these measures
do not cover and do not intend to cover these vast areas comprehensively. Ideally, these needs
would be mainly covered by the reinforcement of already existing programs or the creation of
other programs not addressed primarily to epidemiology, but if those happen to be insufficient
to support projects of particular, strategic interest to prevent the emergence of new infectious
diseases, these projects would clearly be eligible to benefit from the Fund under the already
mentioned criterion of cost-effectiveness. Similarly, economic inequality and the undervaluation
and precariousness of care work are vast areas in need of attention to prevent the propagation
of infectious disease but also for many other reasons, and, obviously, they would not be covered
comprehensively by the suggested measures alone, but the redistribution of funds to support
health systems should contribute.
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5 Discussion

The contemporary world has been described as a high-speed society, undergoing social acceler-
ation (Rosa and Scheuerman, 2009), which, in the economic dimension, finds its expression in
economic growth. The high intensity and long range of interactions is enabled by and enabler of
economic growth (Bettencourt et al., 2007), by permitting coordinated activities, exchanges, and
combination of resources from different origins. They also result in high energy demand, failure
to close material cycles, ecosystem impoverishment and homogenization, and mounting psycho-
logical loads. A high intensity and long range of interactions create, too, the perfect medium for
infectious diseases to arise and become pandemics. Progresses in sanitation, medicine and health
systems led the population of wealthy countries to mostly ignore pandemic threats (except for a
few spikes of attention, e.g., following the initial spread of AIDS), until COVID-19 arrived and
forced the high-speed society to brake. Even the radical green, degrowth and post-growth litera-
ture largely failed to mention pandemic risks alongside other environmental and social factors of
unsustainability of the current economic model, but warnings of pandemic risk from this stance
did exist (e.g., by the author of the present paper, first in Pueyo, 1998) and, more important, such
warnings are just one more example of the fundamental criticism implicit in this literature: that
an increasingly technified society where short-term growth imperatives and profit motives hold
priority over the general long-term interest is doomed to disaster the sooner or the later. A basic
hypothesis introduced in this paper, and supported by the various lines of evidence discussed in
sec. 2, is that progresses in sanitation, medicine and health systems not only posed the basis for
forgetting about diseases but also for growth in the very economic activities and structures that
tend to cancel out such progresses, with health systems needing all the running you can do, to
keep in the same place (sec. 1) while absorbing such a massive cost-shifting, but failing to keep
running as quickly as needed because of the neoliberal seizure of social, cultural, economic and
political power. From this interpretation it follows that an event like the COVID-19 pandemic
was highly plausible the sooner or the later, and materialized the accumulated cost-shifting from
the economic activities that create pandemic risk.

Pandemic risks are not exhausted with COVID-19. The next pandemic could be even worse,
perhaps causing even more mortality (Mermel, 2005) and not sharing the special feature of
COVID-19 of being normally benign with children. From the notions of an epidemiological
Jevons’ paradox and of cost-shifting, it is straightforward to seek solutions along the lines of
the already mentioned literatures which problematize economic growth (e.g., Kallis et al., 2018).
Such literatures do not propose a kind of return to a past that lacked the current means to cure
diseases, but to overcome growth-dependencies and keep the activity of each economic sector
at a sustainable level, allocating the available resources equitably and concentrating them in
the functions that are really needed, such as health care. However, rather than advocating
such generic principles, the goal of this paper, beyond the tentative diagnosis, is to present
a specific plan to prepare for and, hopefully, prevent the next pandemic. Even if the case
for an epidemiological Jevons’ paradox (based on combining various pieces of partial evidence
in the literature, and in need of more focused research) were found unconvincing, the policy
proposal would remain valid, as argued in sec. 4. Furthermore, while the redistributive nature
of the proposal was justified by appealing to the notion of cost-shifting (sec. 3.1) rather than
externality, which, among other difficulties (Spash, 2019), would have carried the implication
that epidemiological costs (including human lives) can be quantified in monetary units, the
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policy proposal would be perfectly consistent with neoclassical economics if re-framed as the
internalization of an externality. This would find a precedent in Perrings et al. (2018), who
briefly mention the possibility of estimating and internalizing the cost of contributions to the
risk of outbreaks. In fact, from a neoclassical point of view it should be more difficult to argue
against a policy of this kind than in favor.

Unfortunately, there are more antagonistic platforms competing to gain audience in this con-
text of general disorientation. Some see in the current health crisis one more opportunity to
advance a xenophobe agenda. Since people’s movements around the world are an undeniable
accelerator of the propagation of disease, the risk of takeover by the extreme right is an extra
reason to disseminate a sounder response to the problem as soon as possible. Even from the
strictly epidemiological point of view, there are at least two reasons why the proposal in this pa-
per is sounder. First, high income, western countries are not minor sources of emergent infectious
diseases: between 1940 and 2004, 100 such diseases were reported in the U.S. (Woolhouse, 2008),
and a similar number in western Europe. Fortunately, none of them spread like COVID-19,
but this is a roulette. Second, the amount of migrants traveling from low-income to high-income
countries often pales as compared to the number of local tourists and businesspeople coming back
from journeys to these same low income countries. Rather than classifying people by their na-
tionality, it would be more effective to limit the frequency or speed of travel, while addressing the
factors that contribute to originating infectious diseases and reinforcing the means to cure them.
Also, some sectors present Orwellian surveillance as the only solution, ignoring all the factors
discussed in this paper. Closely linked to this, there is another myopic solution well positioned to
become the new common wisdom with virtually no discussion, namely, a chronification of some
dose of the currently needed social distancing, and of the ongoing, general upload of personal
and professional lives to the Internet. While it is not questioned that, e.g., video-conferences are
preferable to flights given the manifold impacts of the latter, it is problematic to generalize the
adoption of digital alternatives to every real-world activity. The indiscriminate acceleration of a
digital transformation shaped by market forces poses environmental, social, psychological and,
ultimately, existential threats for which humanity is even less prepared than it used to be for
a pandemic like COVID-19. However, humanity is on time to choose a different path, and the
mental shake-up due to the pandemic creates a specially suitable occasion to rethink everything.

According to an old green aphorism, if today we don’t do the impossible, tomorrow we will
see the incredible4. Unfortunately, we failed to do the impossible, tomorrow arrived, and we
are witnessing the incredible. However, there is now a unique opportunity to prevent the next
incredible by advancing policies that would normally be impossible. The positive side of incredible
situations is that they can make the impossible turn possible.

Appendix: Share of the global population participating in

international air travel

Gössling et al. (2007) estimated that <2% of the global population participated in international
air travel in 2000. Given the rapid growth in air travel in the period from 2000 to the onset of
the COVID-19 pandemic (IATA, 2019a), this Appendix updates the estimate to 2018, which is

4Originally heard by the author in Catalan: Si avui no fem l’impossible, demà veurem l’incrëıble.
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the most recent year for which reliable data are available. IATA (2019a) registered 1,811,324
thousand international trips in that year. However, outgoing and return trips, as well as each
of the connections, are counted as separate trips. Therefore, it is more straightforward to follow
Gössling et al.’s (2007) methodology and work with the number of international tourist arrivals
registered by UNWTO. This agency uses the definitions established by the UN (2010, p. 10), for
which A visitor (domestic, inbound or outbound) is classified as a tourist (or overnight visitor) if
his/her trip includes an overnight stay and A visitor is a traveller taking a trip to a main desti-
nation outside his/her usual environment, for less than a year, for any main purpose (business,
leisure or other personal purpose) other than to be employed by a resident entity in the country
or place visited. Most international travelers are thus covered by this definition. Gössling et al.
(2007) divided the number of international tourist arrivals by air in 2000 by the world population
in that year and by 2.5, which was the assumed average number of journeys per international
traveler during the year. Even though most of the people who fly to some other country in any
given year must do so only once, many journeys are due to a minority of high frequency trav-
elers (Gössling et al., 2009; Liu et al., 2017), which justify assuming an average frequency well
above unity. Performing the same calculation for the 730,885,776 inbound international tourists
that arrived by air in 2018 according to UNWTO (2020) and an estimated global population
of 7,631,091,113 in that year (UN, 2019), the result would be 3.8%. The obvious caveat is that
this calculation assumes that all the growth in international air travel is concentrated in the
extensive margin (number of people participating), ignoring possible changes in the intensive
margin (number of journeys per traveler).
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