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Learning to Manage the Multirisk World

Jonathan B. Wiener*

Risk assessment, perception, and management tend to focus on one risk at a time. But we
live in a multirisk world. This essay in honor of the 40th anniversary of the Society for Risk
Analysis (SRA) and the journal Risk Analysis suggests that we can—and have already be-
gun to—strengthen risk analysis and policy outcomes by moving from a focus on the single
to the multiple—multiple stressors, multiple impacts, and multiple decisions. This evolution
can improve our abilities to assess actual risks, to confront and weigh risk-risk trade-offs and
innovate risk-superior moves, and to build learning into adaptive regulation that adjusts over
time. Recognizing the multirisk reality can help us understand complex systems, foresee un-
intended consequences, design better policy solutions, and learn to improve.
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1. INTRODUCTION

The field of risk analysis has progressed enor-
mously over the past 40 years, and the 40th anniver-
sary of the Society for Risk Analysis and the jour-
nal Risk Analysis is an apt time to reflect. This essay
addresses the growth of risk analysis from a singular
focus to the reality of multiplicity, and suggests direc-
tions for risk analysis to progress further in coming
decades.

It is by now familiar to hear that modernity has
created a “risk society” (Beck, 1992; Giddens, 1990).
This period of modernity does coincide with the es-
tablishment of the Society for Risk Analysis and this
journal. But risk is not a new phenomenon; humans
have always had to deal with risk for survival, and the
notion that risk is new may rest on a heuristic error of
nostalgia for a pre-risk epoch that never was (Bern-
stein, 1996).
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In any case, it would be more realistic to say
that we live in a “multi-risk world” (Wiener, 2002).
The challenge is not only risk and uncertainty, but
also multiplicity. We are exposed to multiple risks,
and our decisions affect multiple risks. Yet, we often
tend to neglect the multirisk reality and focus on
a single target—one hazard or risk at a time, one
target outcome at a time, and one decision at a time.
This narrow framing is evident in human perception
focusing on a single threat to a single identified
individual victim (Small, Loewenstein, & Slovic,
2007; Vastfjall, Slovic, Mayorga, & Peters, 2014), in
risk assessment focusing on one hazard or risk at a
time, and in risk management aimed at regulating a
target risk or a “silo” mission (Anastas & Zimmer-
man, 2019, pp. 101-103; Baldwin, 2017; Graham &
Wiener, 1995; Liu et al., 2015).

This essay highlights the evolution from single
to multiple: in risk assessment, from single to mul-
tiple risks (multiple stressors); in risk management,
from single to multiple impacts (including indirect or
ancillary impacts, i.e., risk-risk trade-offs), and from
a single decision to multiple sequential decisions
(adaptive learning), potentially made by multiple
decisionmakers.
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2. FROM SINGLE TO MULTIPLE RISKS: RISK
ASSESSMENT

Our risk assessment methods tend to estimate
the effect of one hazard or stressor at time, such
as by conducting toxicology bioassays on one sub-
stance administered to animals, or by undertaking
epidemiological studies to distinguish the effect of a
single chemical or pathogen from myriad confound-
ing factors. But the reality that we are exposed to
multiple stressors is well recognized (Elliott, 1997).
“[S]ingle-stressor risk assessments do not reflect the
real world, where hazards do not exist independently
of one another. Rather, in the real world, communi-
ties are simultaneously exposed to multiple stressors
via multiple exposure pathways” (Knudsen, 2017, p.
2322, citing Gallagher et al., 2015). For example, peo-
ple exposed to asbestos may also be exposed to to-
bacco smoking. Amphibians may be exposed simul-
taneously to a complex mix of chemicals, pathogens,
habitat loss, climate change, and ultraviolet radiation
(Beebee & Griffiths, 2005; Hayes, Falso, Gallipeau,
& Stice, 2010; McMenamin, Hadly, & Wright, 2008;
Scheele et al., 2019). Natural disaster hazards may
interact with technological hazards, such as tsunamis
damaging nuclear power stations or hog farm waste
lagoons (Kappes, Keiler, von Elverfeldt, & Glade,
2012). Wildfires may result from a combination of
factors including a warming and drying climate, ac-
cumulated fuel material, forest management prac-
tices, and ignition sources (Cullen, Axe, & Podschwit,
2020). This year, researchers are trying to assess how
infectious diseases such as Covid-19 may be exac-
erbated by combined exposure to air pollution and
other health comorbidities (Fattorini & Regoli, 2020;
Goldstein, 2020; Ogen, 2020; Zhu, Xie, Huang, &
Cao, 2020).

Pioneers in the field addressing how to assess
multiple stressors developed techniques for disentan-
gling joint effects into attribution of the partial con-
tributions by each stressor (Cox, 1984, 1985). Over
time, US EPA has developed guidelines on cumula-
tive risk assessment (US EPA, 2003, 2008), and schol-
ars have developed updated analytic frameworks for
cumulative risk assessment of exposure to multiple
stressors (e.g., Fox, Brewer, & Martin, 2017; Gal-
lagher et al., 2015; Kappes et al., 2012; McHale et al.,
2018; Morreto et al., 2017; Sexton & Hattis, 2007) and
associated strategies for risk management (Knudsen,
2017).

But as this work recognizes, assessing the joint
effects of exposures to multiple stressors is difficult,
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because the joint or cumulative effects are not nec-
essarily the sum of their separate partial effects (as
Kappes et al., 2012, p. 1927, observe, “multi-hazard
risk analyses are not just the sum of single-hazard risk
examinations”). The joint effects of multiple stressors
may be synergistic or offsetting (Knudsen, 2017, p.
2325). As we move from assessing one risk to mul-
tiple risks, the verisimilitude of our assessments may
improve but the complexities of our models may also
increase. Any model is an approximation; trying to
match the full complexity of reality would risk losing
its utility as a tractable model. Still, we can improve
our models and analyses to build more realism into
our risk assessments. A challenge to the field of risk
analysis is to develop better methods to represent
and assess complex multirisk conditions and interac-
tions. This effort will benefit from work on complex
systems analysis (e.g., Anastas & Zimmerman, 2019;
Liu et al., 2015) and from the development of better
ways to depict the synthesis of multiple complex fac-
tors such as in graphical models (Calder et al., 2020).
Progress may also come from applying artificial intel-
ligence and related advanced methods to make sense
of “open-world” indeterminacies in risk assessment
(Cox, 2020).

3. FROM SINGLE TO MULTIPLE RISKS: RISK
MANAGEMENT

In the book Risk vs. Risk, published 25 years ago,
we critiqued the single-risk focus of decision makers
(from individuals to regulatory bodies) and called for
a more holistic analysis of risk-risk trade-offs in pol-
icy analysis (Graham & Wiener, 1995). The problem
persists: scholars lament that “[u]nfortunately, insti-
tutions and regulations have traditionally focused on
single issues and often do not have the mandate or
infrastructure to address the organizational connec-
tions and detrimental spillovers” (Liu et al., 2015,
1258832-7). Baldwin (2017, p. 126) observes that reg-
ulation often “focus[es] attention on individual ‘silos
of risk’ so that systemic or cumulative risks are ne-
glected.”

Risk-risk trade-offs are pervasive and the need
to address them finds antecedents in many walks of
life. Over 2,000 years ago, Odysseus had to navigate
between Scylla and Charybdis, minimizing the loss
of his crew from these conflicting risks. Hippocrates
warned of the side effect risks of medical care (“first,
do no harm”), a challenge taken up in the 19th
century by Ignaz Semmelweiss and Joseph Lister
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seeking to make hospitals safe for patients (Wiener,
1998)—a problem we still face today (Miller, 2011).
Benjamin Franklin advised that good judgment re-
quired weighing the good and harm of each decision
(Franklin, 1772; see Wiener, 2013). The understand-
ing of interconnectedness in ecology goes back at
least to John Muir, who wrote on July 27, 1869, that
“when we try to pick out anything by itself, we find
it hitched to everything else in the universe” (Muir,
1988: p. 110). Barbara Tuchman observed the folly
of neglecting collateral damage in war (Tuchman,
1984). Lester Lave catalogued types of risk-benefit
and risk-risk trade-offs (Lave, 1981).

In Risk vs. Risk (Graham & Wiener, 1995), we
sought explanatory factors for the tendency by regu-
lators to focus on one risk at a time and neglect side
effects. These include mission-driven agencies, some-
times with narrow legal authority; fragmented insti-
tutions, with separate specialized domains; narrow or
bounded thinking, driven in part by heuristic errors
and in part by decision costs; and the omitted voices
of those affected.

We proposed that overcoming these limitations
should include at least the following measures (Gra-
ham & Wiener, 1995): First, confront: see the mul-
tirisk reality, think broadly and holistically; exercise
foresight to illuminate the multiple potential conse-
quences of each regulatory alternative. Second, com-
pare: weigh the trade-offs among multiple risks, with
the objective to reduce overall risk (rather than only
the target risk). We recognized the challenges in com-
paring risks with diverse attributes on which peo-
ple may have different perspectives (and percep-
tions), including probability, severity, population, un-
certainty, type of impact, timing, and distributional
equity. We noted that the full impact analysis should
include both countervailing harms and co-benefits
(Graham & Wiener, 1995, pp. 1-2, 37), a point later
emphasized in greater detail by Revesz and Liver-
more (2008, 2020) and our own papers (Graham,
Wiener, & Robinson, 2020; Stern & Wiener, 2008).
We borrowed the phrase “treat the whole patient”
from the analogous problem of side effects in med-
ical specialties, and the need for comprehensive ap-
proaches that internalize full impacts in the regu-
latory system. Third, innovate: seek “risk-superior
moves”—better options that reduce multiple risks in
concert. Risk-superior moves can turn countervail-
ing harms into added benefits. (One example: over-
coming the risk-risk tragedy that automobile airbags
were saving adults but killing children, by requiring
children to ride in the safer rear seat and introduc-
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ing smarter airbags that adjust deployment to corre-
spond to the occupant, see Graham et al., 1998.)

And we encouraged a suite of improvements in
laws and institutions (Graham & Wiener, 1995). Key
measures we suggested include requiring impact as-
sessment of full impacts—currently practiced in both
environmental impact assessment (EIA) and regu-
latory impact assessment (RIA), and expressly re-
quired in the section of OMB Circular A-4 (2003)
on “ancillary impacts” (see Wiener & Ribeiro, 2016);
assuring that agencies have the legal authority to
consider full impacts (as provided, for example, in
the Safe Drinking Water Act amendments of 1996);
executive review through oversight bodies such as
OMB/OIRA, as well as a new body we suggested
to scan ahead and to resolve interagency risk trade-
offs, a “council of risk analysts” (later cited by the
World Bank (2014, pp. 278-279) in its recommenda-
tion to establish “national risk boards”); coordina-
tion and notification across regulatory agencies when
their regulations pose spillover effects in other agen-
cies’ domains (a function that OIRA has fostered,
Sunstein, 2013); and judicial review for arbitrariness
and unreasonableness if agencies neglect important
multirisk impacts (which is now on the rise, see Ma-
sur & Posner, 2018; Sunstein, 2017).

The problem is not government regulation versus
markets, the problem is narrowness—neglect of im-
portant impacts (Stewart, 2014; Wiener, 2021). Nor
are risk-risk trade-offs limited to health and envi-
ronmental policy. They occur pervasively across do-
mains, notably in medical care (Miller, 2011; Wiener,
1998), transportation (Graham et al., 1998; Thomp-
son, Segui-Gomez, & Graham, 2002), and in military
and national security policies (Stern & Wiener, 2008;
Tuchman, 1984; Vermeule, 2012). As noted above,
the risk of Covid-19 may interact with multiple stres-
sors such as air pollution and comorbidities; in turn,
the responses to remedy Covid-19 may affect mul-
tiple risks, including triage of other ailments such as
heart disease; countervailing risks of social distancing
and shutdowns such as depression and hunger due to
isolation, and co-benefits such as reduced air pollu-
tion; and the benefits and risks of vaccines.

The core point is that we live in a multirisk world,
so our decisions to address one risk may affect other
risks. The real world is not a series of separate risks,
but a web of multiple causally interconnected risks
and opportunities; we face multiple nodes, and each
move to manage one involves potential slopes to-
ward or away from others. This n-dimensional web
or network of risks is daunting, and the slopes among
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nodes reflect marginal rates of substitution or trade-
off among risks. To be sure, not every side effect is
important enough to warrant attention and action;
when considering how many “ripples” of impact one
should address (Graham & Wiener, 1995, pp. 20—
22,228; Hofstetter, Bare, Hammitt, Murphy, & Rice,
2002, p. 836), we can avoid paralysis by applying a
kind of value of information (VOI) approach to as-
sessing the relative importance of each nth risk ef-
fect, the potential improvement from addressing it
and the costs (including delay) of doing so (Graham
etal.,2020). Risk-superior moves are, in a sense, ways
of rising above the current web of risks to see a new
paradigm that overcomes the trade-offs and reduces
multiple risks in concert.

4. FROM SINGLE TO MULTIPLE DECISIONS:
ADAPTIVE POLICY LEARNING

Much risk regulation focuses on a single one-
time decision, such as adopting an agency rule. The
more this decision is seen as the only opportunity—
or battleground—to address a problem, the more it
warrants intensive ex ante policy analysis and sparks
intense disputes. But a single regulatory decision
faces the difficulty that the world changes—science,
technology, economics, demographics, and public val-
ues may all evolve. Even if it was initially estimated
to have net benefits at the time of adoption, a static
policy may become increasingly out of step with the
changing world, yielding worsening outcomes and
increasing frustration (Bennear & Wiener, 2019).
Moreover, the ex ante estimates of net benefits may
prove inaccurate in retrospective analyses and as im-
plementation unfolds (Cropper, Fraas, & Morgen-
stern, 2017; Greenstone, 2009).

The challenge is to find ways for risk regula-
tion to adapt as the world changes. This entails a
shift from single to multiple decisions—sequential,
learning, adaptive regulation. Rather than blaming
past decisions, we should learn from experience—
including near-misses—to improve risk management
(Paté-Cornell & Cox, 2014). One approach is to learn
by comparing horizontally across jurisdictions (Clah-
sen et al., 2019; Hammitt, Wiener, Swedlow, Kall,
& Zhou, 2005). We can also learn longitudinally
and design regulatory systems that are planned to
adapt—built to learn from experience and experi-
mentation (Bennear & Wiener, 2019; Craig & Ruhl,
2014; Greenstone, 2009; Pidot, 2015). Some U.S. risk
regulation already incorporates versions of this adap-
tive approach, such as periodic reviews every 5 or 10
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years of key regulatory science and standards (Mc-
Cray, Oye, & Petersen, 2010). Additional mecha-
nisms can include monitoring of key variables, ex post
retrospective review (Cropper et al., 2017), ongo-
ing periodic review (every set period of time), safety
boards to learn from crises (Balleisen et al., 2017),
adaptive licensing (learning from phases of experi-
ence, such as with new drugs or vehicles, before ex-
panding eligible populations), and discretionary re-
views or automated adjustments (Bennear & Wiener,
2019).

Planned adaptive regulation poses pros and cons,
so it may not be ideal for every risk regulatory issue.
It offers the potential to improve policy outcomes in
a changing world, so it may be best applied where sig-
nificant change or resolution of prior uncertainty is
likely—that is, where the gains from learning appear
to be high, where the policy can increase net benefits
by adjusting to new conditions and new understand-
ing. On the other hand, it involves costs, including
data collection (monitoring) and analysis, and peri-
odic decisions whether to revise past policy, as well
as the costs of policy instability for actors who rely
and invest based on the rules (Bennear & Wiener,
2019). Importantly, the multirisk perspective dis-
cussed above should be reflected in planned adaptive
regulation: the ongoing monitoring, analysis, and pe-
riodic reviews should account not only for costs and
intended benefits, but also for unintended ancillary
impacts. If the policy is yielding serious counter-
vailing harms, that can be an important reason for
revision.

There are, however, limits to learning as a
strategy for risk regulation. Beyond the costs of
monitoring and policy revision, there are some risks
for which adaptive learning itself may be a risky strat-
egy: extreme global catastrophic risks—existential
risks—which might end all life or civilization. (More
modest “catastrophes,” such as at the regional or
local level, can still be addressed through combina-
tions of preventive measures and adaptive learning
to do better over time, see Balleisen et al., 2017; Bier,
2018; Haimes, 2012.) These extreme existential risks
would be too rare to afford a learning experience for
regulators or the public (Wiener, 2016), too massive
to motivate empathetic public concern (which tends
to focus on an individual victim, see Small et al.,
2007; Slovic et al., 2013; Vastfjill et al., 2014), and too
devastating or annihilating to wait to experience and
hope to learn (Garrick, 2008; Wiener, 2016). These
truly extreme existential risks pose the strongest case
for judicious ex ante precautions (Bostrom, 2013;
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Paté-Cornell, 2012; Posner, 2004; Sunstein, 2007;
Wiener, 2016), keeping in mind that the potential
risk-risk trade-offs flowing from such precautions—
i.e., catastrophe—catastrophe trade-offs—must still
be assessed and addressed (Sunstein, 2007; Wiener,
2016).

5. CONCLUSIONS

These multiple evolutions from a single risk to a
multirisk world—addressing multiple stressors, mul-
tiple impacts, and multiple decisions—are already
underway, and as this essay has indicated, the com-
munity of risk analysts has contributed important
insights. There are, to be sure, additional dimensions
of moving from single to multiple, such as moving
from one actor to multiple actors—multiple decision-
makers, perhaps representing multiple stakeholders
with heterogeneous preferences—and the prospect
of strategic behavior in addressing risks such as
terrorism (Cox, 2009; Ezell, Bennett, Von Winter-
feldt, Sokolowski, & Collins, 2010) or climate change
and geoengineering (Abatayo, Bosettia, Casarid,
Ghidonif, & Tavoni, 2020; Grieger, Felgenhauer,
Renn, Wiener, & Borsuk, 2019; Sandler, 2018). This
essay embodies the hope and confidence that as we
improve our ability to understand and address the
complex reality of a multirisk world, the science and
profession of risk analysis can offer societies substan-
tial progress in reducing overall risks and enhancing
well-being.
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