
Supplementary Material

1. Biocrime and bioterrorism incidents
Carus1 reported 153 incidents from 1990 to 1999 but noted
only 21 cases of use or attempted use, a mean of 2.1 a year. A
background report prepared by the US National Con-
sortium for the Study of Terrorism and Responses to Ter-
rorism reported 74 separate incidents involving biological
agents during 1990 to 2011, an average of 3.5 incidents a
year.2 The Rand Database of Worldwide Terrorism In-
cidents reported 13 biological incidents between 1972 and
2009, resulting in a mean incidence rate of 0.35 a year.3

Mohtadi and Murshid reported 91 biological weapons inci-
dents between 1950 and 2005, an average of 1.65 per year.4

There is considerable discrepancy as to what types of incidents
are included in these data sets. For example, some include
hoaxes and threats; others include incidents that did not result
in an actual use, for example, because the perpetrator was in-
terdicted prior to release; a few have attempted to catalogue only
when a deliberate disease event has occurred. These differences
might have influenced the range of incident rates. Alternatively,
the timeframes of the different studies are also divergent, leaving
open a possibility that the likelihood of an event has been
changing over time.

Finally, we note that there have been a large number of
ricin incidents reported in recent years.5-8 This might sug-
gest that actual levels of biocrimes and bioterrorism events
have been underestimated, or it might be the result of recent
efforts to develop and implement chemical and biological
weapons–specific laws and regulations. In order to avoid
overestimating the likelihood of these incidents (and there-
fore overestimating the cost-effectiveness of measures to
mitigate them), as with other assessments of likelihood, we
have chosen the most conservative estimates.

2. The impact of unusual disease events alleged to have
resulted from state-made bioweapons
Given the paucity of data on the actual impact of biological
warfare, to help establish boundaries that are as realistic as
possible, we also looked at unusual disease events that have
been alleged to have been caused by state-run bioweapons
programs. We are not arguing these outbreaks were the result

of biological weapons use, but they do provide useful insights
into the size, scale, and types of events that national security
analysts believed might be caused by biological warfare. As a
lower boundary, we considered an unusual outbreak of an-
thrax in Sverdlovsk in 1979. This was originally reported as
having been caused by contaminated meat but was subse-
quently determined to have been the result of an accidental
release of a biological weapons agent from a military facility.
The epidemiologic study of this incident suggested that a
release of between a few milligrams to almost a gram of agent
resulted in at least 66 deaths.* 9 As an upper boundary, we
considered a major disease outbreak alleged to have been
deliberately initiated by another country: the major anthrax
outbreak in southern Africa in 1979.10 This outbreak re-
sulted in 171,990 cattle and 17,199 human cases.11

3. Japanese biological warfare attacks during
World War II
Three Japanese attacks during the second World War involved
single aeroplanes dropping plague-carrying fleas on grain or
other media over Ningbo, Chang The, and Congshan, causing
at least 100, 500, and almost 400 deaths (a third of the pop-
ulation), respectively.12 This provides a mortality rate of 330
per attack. Another attack resulted in a regional outbreak of
plague, causing 30,000 deaths in 1947.13 We note that there is
considerable uncertainty with this upper figure.

4. Estimating the number of facilities in the world that
might be conducting research on potentially pandemic
pathogens
When the US government imposed its funding morato-
rium on gain-of-function research involving 3 pathogens in
November 2014, at least 14 institutions received letters
indicating their funding might be affected.14 To estimate

*In practice, a weapon used for biological warfare may involve the
release of a greater quantity of agent, potentially over a denser
population, under better environmental conditions. This is
probably an underestimation of the impact of a biological warfare
attack.



the total number of facilities in the world, we assume that
there are similar numbers of research institutes undertaking
research on potentially pandemic pathogens in China, the
European Union, and the rest of the world, providing a
total of approximately 56 laboratories.

5. Estimating the cost of improving human and animal
health systems to meet international standards
The World Bank has developed a cost estimate of $1.9 billion
to $3.4 billion per year over 5 years to bring all human and
animal health systems up to minimal international standards.15

This comes to a total cost of between $9.5 billion and $17
billion. These costs were bounded by 2 separate estimates of
the likelihood of a crossover event (in which an animal path-
ogen evolves to spread in humans and causes a significant
outbreak in an immunologically naive population) and the
relative ratio of human and animal disease events (as dealing
with human disease is more expensive than dealing with animal
disease). One estimate was developed by the World Bank, and
the other was put together by an external panel of experts.

These figures do not include costs for longer-term
maintenance of such a capability. Presumably, for several
years the maintenance costs should be less than the mean
annual costs for building the necessary capacity. For the
purposes of this estimate, we are assuming the maintenance
costs are approximately half those of the initial investment,
or between $0.95 billion and $1.7 billion per year.

We are also assuming that both wear and tear on the sys-
tem, as well as improvements in the underlying technologies,
will necessitate further capital assessment to renew the system
at regular points. We are assuming that this will be necessary
about every 25 years (with a 5-year window for capital in-
vestment and a further 20 years of maintenance). Based on
these assumptions, building and maintaining a global animal
and public health infrastructure that meets international
standards for the next century would be between $114 billion
and $204 billion. As a result, we are estimating that the cost of
mitigating biothreats as $250 billion.

6. Value of future human civilization:
a sensitivity analysis
Following the analysis done in (27), we assumed that a fu-
ture human civilization would have 10^16 life-years—a
population of 10 billion living for 1 million years, for ex-
ample (although it could also represent a population of only
1 billion living through Earth’s lifetime of 1 billion years).
Some may argue that human civilization is unlikely to be
that long-lasting, while others would argue that if we avoi-
ded existential risk, there could be more than 10^30 humans
living in the future.16 We also assumed that spending $250
billion would only reduce the risks by 1%. How sensitive are
our results to changing these assumptions?

The relationship is a simple multiplicative one—cutting
the value of civilization in half (either by reducing its pop-
ulation or its lifetime), or reducing the risk by half with the
same amount of money, will reduce the cost-effectiveness by

half as well. We have some graphs to demonstrate this
(plotted on a log-log scale to enable wide exploration of
parameters). We also show a graph of the impact that dis-
counting has on the cost-effectiveness analysis.

The cost-effectiveness of existential risk reduction is
proportional to the expected size of future civilization. In
this log-log plot, we compare the cost-effectiveness of re-
ducing biological existential risk with the size of a human
population that lasts for 1 million years. If we assume future
human population will be diminished to only 1 million
individuals for the remainder of humanity’s lifetime, cost-
effectiveness dramatically decreases to between $10,000
and $100,000,000 per life-year. Conversely, if we think
that humanity will go on to expand beyond Earth and
eventually reach an enormous population of 1,000 trillion,
the cost-effectiveness becomes extraordinary, with less than
one-tenth of a cent purchasing a life-year.

The cost-effectiveness of existential risk reduction is
proportional to the expected reduction of existential risk (in
absolute percentage terms, not relative terms). If the in-
tervention reduces existential risk by 10% rather than 1%,
it will be 10 times cheaper to save a life-year.

If we assume that future generations are not included in
our calculations by applying a discount rate, we find that
cost-effectiveness ranges between $1,000 and $10,000,000
per life-year. This result is not very sensitive to the discount
rate, but more sensitive to whether we decide to discount at
all (undiscounted cost-effectiveness ranges between about
10 cents and $1,600).
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Supplementary Figure S1. Cost-effectiveness with differing population sizes over 1 million years



Supplementary Figure S2. Cost-effectiveness with differing effectiveness of intervention

Supplementary Figure S3. Cost-effectiveness with differing discount rates


