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FROM HAZARD TO RISK
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o better guide adaptation and mitigation
decision-making on addressing the risk of
climate change, novel and interdisciplinary
approaches are required (Zwiers et al. 2013) that
involve a dialogue between scientists from different

communities (e.g., climate and impact modeling) WHAT:  This workshop brought together expert sci-
and stakeholders from various sectors. Impact- entists from climate sciences, statistics, health,
relevant metrics need to be developed to analyze agriculture, and e e dis.cuﬁs how to
risk related to physical climate change, and thus to a2 szl el e lnes neleials de
. . . scribing climate-related hazards to more impact-

support stakeholders in the use and interpretation L IR :

. relevant indicators for quantifying climate risk.
of climate data. For example, the Center for Interna- WHEN:  4—6 October 2017
tional Climate Research’s (CICERO) Shades of Risk Whire: Ispra, ltaly

tool helps investors identify the most eminent risks
from climate change by grading physical climate

risks by region. A simple three-color system reflects
whether impacts are observed and likely to increase
(red), expected in the next decade (orange), or by
midcentury (yellow). Investors can use the tool to
focus on the most severe risks to their portfolio from
climate change (Clapp et al. 2017). In this context, the
Intergovernmental Panel on Climate Change (IPCC)
definition of risk (e.g., IPCC 2012) provided the im-
plicit basis for the discussions at the Workshop on
Indicators for Climate Extremes and Socio-Economic
Impacts under Different Emission Targets," which

was held at the European Commission Joint Research
Center in Ispra, Italy, in fall 2017. Risk is therein de-
fined as a product of the occurrence probability of an
extreme event and its consequences, which depend on
the vulnerability and exposure of the affected system.

Physical climate change is already observed in
many regions of the world and increasingly challenge
decision-makers (IPCC 2013). However, it is very
difficult to translate changes in the intensity, dura-
tion, and frequency of weather and climate extremes
(i.e., hazards) into actual risks for specific sectors

and/or locations, or, even further, to express these in
quantitative terms, mainly because we lack sufficient
knowledge of the socioeconomic and environmental
implications, including data on vulnerabilities and
exposure (IPCC 2012).

Building on Future Earth’s Workshop on Extreme
Events and Environments and WCRP’s Workshop
on Addressing the Challenge of Compound Events,
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this workshop aimed at facilitating practical discus-
sions on climate-related impacts to be expected for
different emission scenarios, knowledge gaps and
indicators that can facilitate decision-making on
climate risk mitigation, and adaptation planning
across various sectors. A range of approaches toward
impact-relevant or climate risk indicators were pre-
sented at the workshop, such as the combination of
indicators of climate extremes (e.g., Sillmann et al.
2013) and their extension to sector-specific climate
indices (https://github.com/ARCCSS-extremes
/climpact2) with aspects of vulnerability and expo-
sure (e.g., Forzieri et al. 2016, 2017). Examples from
climate econometrics were shown to illustrate how
climate data can be linked to economic data (e.g.,
Hsiang 2016; Burke et al. 2015), and examples from
the health sector included mortality risk estimates
from extreme temperatures (Gasparrini et al. 2015)
or considered critical thresholds for human-perceived
heat (Russo et al. 2017). In addition, the development
of more sophisticated hazard indicators related to
compound events—that is, combinations of different
hazards with impact relevance (see, e.g., Zscheischler
et. al 2018)—were discussed as a complementary
route toward more impact-relevant hazard metrics
(e.g., Zscheischler et al. 2017), even in the absence of
aformalized connection to scale- and system-specific
vulnerability and exposure data.

CRITERIA FOR COMPREHENSIVE RISK
INDICATORS. Clearly emerging from the work-
shop discussions is the idea that early engagement of
the target audience (i.e., stakeholders) is essential i) to
identify what is a useful risk indicator and ii) to devel-
op mutual understanding between stakeholders and
scientists. In the context of sustainable development,
these two general properties (usefulness described
as saliency and mutual understanding described as
legitimacy), in addition to the adequacy of scientific
methods of inquiry as such (credibility), have been
found as key determinants of societally relevant sci-
entific information (Cash et al. 2003).

In addition to these criteria of societal relevance,
the workshop discussions revealed the need for a basic
set of technical criteria to provide both accurate and
robust estimates for risk arising from climate ex-
tremes—at present and in the future—under climate
change scenarios. In principle, indicators need to be
i) measurable, ii) monitorable, iii) validatable, and iv)
transferable in terms of methodology (see also Fig. 1).

¢ Measurable: Indicators, or all relevant variables
(or proxies) to derive the indicators, should be
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related to parameters that can be measured in an
unambiguous way.

* Monitorable: Measurements can be upscaled to a
monitoring program across space and time, pro-
viding the basis for estimating trends and other
statistical measures.

* Validatable: Indicators can be, and actually are,
regularly compared to and cross validated against
existing observations (e.g., real-world impact data
or established vulnerability measures, such as
dose-response relationships; see example below).

* Transferable: Indicator methodologies should be
transferable to different sectors and/or locations.
Indicators based on methodologies without the
ability to scale, while potentially interesting to a
specific stakeholder group, do not contribute to the
necessary advancement of the global discourse.

The technical development of comprehensive risk
indicators is, however, complicated because of the
complex and multilevel nature of the individual risk
components. In particular, challenges lie in quanti-
fying vulnerability (see the “Methodological chal-
lenges” section) and open-access availability of data
(see the “Data challenges” section), and maintaining
a continuous transdisciplinary dialogue between
stakeholders and climate-impact scientists (see the
“Communication challenges” section), which are
described in more detail below.

CHALLENGES. Methodological. Bringing mea-
sures of vulnerability together with hazard is not
straightforward. It emerged from the workshop
discussions that a necessary condition for a vulner-
ability measure is that it accounts for temporal dy-
namics in vulnerability, and thus by extension risk
estimates. Vulnerability can change between day
and night, in the course of a season, and in the long
term. Vulnerability in some cases can be considered
as a transient phenomenon associated with exposure
to particular risk, or it is a systematic chronic state.
Ideally, reliable data to build a robust dose-response
relationship (e.g., as in Gasparrini et al. 2017) would
be needed in combination with scenarios of socio-
economic development, including projections of
exposure- or vulnerability-relevant variables [e.g.,
population distribution, per capita gross domestic
product (GDP); Riahi et al. 2017] that can be coher-
ently matched to future hazard outcomes under
different forcing pathways (O’Neill et al. 2016). The
translation of those into a full-fledged risk analysis
into the future, especially one including the effects of
autonomous and climate change adaptation options
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(see, e.g., Bosello et al. 2006), would still remain chal-
lenging. Empirical quantification of climate change
adaptation practices is under active research—for
instance, in the U.S. residential sector (Cohen et al.
2017)—which could potentially be included in vul-
nerability estimates. Furthermore, vulnerability
indicators are usually related to specific sectors, and
it remains to be explored to what extent scientific
methodologies can be transferred from one field to
another. The same question applies to extrapolation
of estimates across spatial scales.

Data. The weather and climate community [e.g.,
World Meteorological Organization (WMO) Com-
mission for Climatology] has put substantial effort
into measuring and monitoring climate variables,
such as temperature and precipitation, across the
world over the last decades (Zhang et al. 2011). This
has also enabled assessment of changes in tem-
perature and precipitation extremes in near- and
long-term future observations (Donat et al. 2013),
despite ongoing challenges in data acquisition and
rescue (Brunet and Jones 2011). Likewise, long-term
monitoring networks are in place for environmental
variables (e.g., Baldocchi et al. 2001), and disaster im-
pacts are recorded routinely (Guha-Sapir et al. 2016).
Bringing these datasets together could provide excit-
ing opportunities to investigate risk in a more com-
prehensive manner. Recent landmark agreements,
such as the Sendai Framework for Disaster Risk
Reduction (www.unisdr.org/we/coordinate/sendai
-frameworlk), have now also initiated a monitoring
mechanism with a set of 38 indicators to measure
progress against global targets and trends in reducing
disaster risk and losses, which are also aligned with
relevant Sustainable Development Goals (SDGs; also
known as Global Goals for Sustainable Development,
set by the United Nations).

Despite this progress, considerable challenges
remain, among them a fundamental question on
the appropriate use of daily-scale extreme data [e.g.,
from models from phase 5 of the Coupled Model
Intercomparison Project (CMIP5)] for impact cal-
culations (Sippel et al. 2016). Challenges also apply
to observational data, for instance, related to esti-
mating changes in global temperatures since the
preindustrial period (Hawkins et al. 2017), or to
overcoming the proprietary nature of some datasets.
For example, while some companies in the insurance
industry provide public loss databases (e.g., Sigma Ex-
plorer, www.sigma-explorer.com; NatCatSERVICE,
www.munichre.com/en/reinsurance/business/non
-life/natcatservice/index.html), the insurance
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Fic. I. Conceptual illustration of the criteria for a
scientifically and societally relevant comprehensive
risk indicator.

industry mostly keeps detailed datasets on the eco-
nomic impact of natural hazards proprietary.

Communication. Terminological differences exist
between the different scientific fields, for example,
exposure in the field of epidemiology refers to a
hazard agent, while in the IPCC terminology hazard
and exposure would be separated. Terminological
differences also complicate communication between
scientists and stakeholder groups with their own
terminologies. For example, investors’ understanding
of risk usually narrowly refers to the likelihood of an
investment returning less than its expected value.

A key discussion topic during the workshop was
how to cross-fertilize the field by usefully combining
or transferring disciplinary methodologies and tools.
Some frameworks have already been developed and
are used in disciplinary fields. For instance, a recent
study used the IPCC definition of risk to quantify
drought-induced risks of plant growth reductions
based on a probabilistic approach (Van Oijen et al.
2013).
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Communicating with different target audiences
often requires some “translation” work on behalf of
scientists. Many important stakeholder groups re-
quire a reduction in the level of scientific complexity
or for results to be presented in different formats. For
example, a policy maker deciding on flood resilient
infrastructure needs information on which areas are
most likely to be at the highest risk but might not re-
quire or understand an analysis of area flood risk under
different emission scenarios. The key challenge of such
translation work is to communicate clear and simple
messages while maintaining accuracy. The workshop
discussions also revealed a particular concern that
uncertainties might be marginalized or oversimplified.

CONCLUSIONS. In the absence of a unifying
methodology to bring together vulnerability and
hazards, as well as other “methodology challenges,”
a flexible and creative approach to creating new risk
indicators is required. This cross-sectoral workshop
highlighted several methodological approaches and
showed that indicators can be powerful communi-
cation tools to reach important stakeholder groups
(focusing on health, agriculture, and the investment
sector). In particular, methodological approaches
that are based on a close stakeholder dialogue and
articulated needs appear promising. A combination of
empirical, often local, disaster and vulnerability data
with broad-scale estimates of climatic risk could pro-
vide a sense of risk under climatic changes. By moni-
toring over time, it might be possible to understand
how risks develop, and this understanding in turn
could be used to (cross) validate such empirical dose-
response relationships.

However, several remaining challenges were
outlined that are broadly related to communication,
methods, and data. For example, simple commu-
nication tools cannot always take into account the
full complexity of system responses and associated
uncertainties. Scientists have a responsibility to com-
municate the range of uncertainties to stakeholders
to avoid creating a sense of precision that cannot be
justified. Moreover, indicators do not necessarily need
to be “risk indicators” to be useful. For some sectors,
indicators of the physical climate hazard might be
more tangible depending on stakeholder needs and
expectations, precisely because of the outlined com-
munication and data challenges.

Risk indicators should help with monitoring how
various entities (e.g., communities, countries, com-
panies) are prepared for more frequent and severe
extreme climate hazards in the future. Uncertainty
in the data and analyses used for the assessment of
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risks is inescapable, and it needs to be carefully con-
sidered in the context of risk indicators. Uncertain
information can often be better than no information.
For example, a measure of the direction of risk can
sometimes be enough to provide useful information
in some decision-making contexts.

In conclusion, to provide both accurate and robust
risk estimates for climate change, new indicators
should meet technical criteria, such as being measur-
able, monitorable, validatable, and transferable, to
be scientifically relevant in addition to being salient,
legitimate, and credible for the target audience.
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Taken by
Storm, 1938:

A Social and Meteoro-
logical History of the
Great New England
Hurricane, 2nd Ed.

TAKEN BY STORM, 1938 LOURDES B. AVILES 80TH

ANNIVERSARY
A Social a Gres England ane . . OF sToRM
The science behind

LOURDES B. AVILES / 2nd edition the 1938 Hurricane, which hit

Verner Suomi:

The Life and Work

of the Founder of
Satellite Meteorology

JOHN M. LEWIS WITH

JEAN M. PHILLIPS, W. PAUL
MENZEL, THOMAS H. VONDER
HAAR, HANS MOOSMULLER,
FREDERICK B. HOUSE,

AND MATTHEW G. FEARON Verner Suomi NEW New England unannounced,
- EDITION! e e is presented here for the first

Born in a Minnesotan mining town, The Life and Work of the Founder time along with new data that

Suomi would spend his best years of Satellite Meteorology sheds light on the motivations of the Weather Bureau

forecasters. This compelling history successfully weaves
science, historical accounts, and social analyses to create
a comprehensive picture of the most powerful and
AMERICAN METEOROLOG I CA N y devastating hurricane to hit New England to date.

next door in Wisconsin, but not before
seeing the whole world—from space,
that is. This is the story of the scientist,
inventor, and teacher who founded
satellite meteorology, written by
members of the communities that grew up around his groundbreaking work.

© 2018, PAPERBACK, 288 PAGES, ISBN: 978-1-944970-24-6
LIST $30 MEMBER $20

LIST $30 MEMBER $20 . g
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How Boulder Became a

World Center for Space
Weather in the Courtroom: Memoirs and Atmospheric Science
from a Career iForensic Meteorology JOSEPH P. BASSI

WILLIAM H. HAGGARD How did big science come to

Boulder, Colorado? Joe Bassi
WEATHER From a pioneering forensic meteoro- introduces us to the characters,
IN THE logist, the inside scoop on legendary including Harvard sun-Earth
litigations, including the disappearance researcher Walter Orr Roberts,

COURTROOM of an Alaskan congressman’s airplane in and the unexpected brew
: of politics, passion, and sheer

MEMOIR % In Forensic meTeGRBIOGY 19?2, thg collapse of Tampa Bay’s Skyway luck that during the Cold War
e Bridge in 1980, and the crash of Delta era transformed this “Scientific
William H. Haggard Flight 191 in Dallas/Fort Worth in 1985. Siberia” to home of NCAR and NOAA.

h © 2015, PAPERBACK, 264 PAGES, ISBN: 978-1-935704-85-0

LIST PRICE: $35.00  MEMBER PRICE: $25.00

LIST $30 MEMBER $20
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o Hurricane Pioneer:

AWARD 9 Memoirs of Memoirs of Bob Simpson
RWINNER! Bob Simpson ROBERT H. SIMPSON AND NEAL DORST

‘:ﬂ' o
= ERFCAN METEORCLOGICAL SOCIETY
D e,

In 1951, Bob Simpson rode a plane

into a hurricane—just one of the

many pioneering exploits you'll find

in these memoirs. Bob and his wife

Booksellers. groups Joanne are me_teorologlcal icons: Bob
» 9 ps, was the first director of the National

or for examination copies: ' £ h }

The University of Chicago Press: " g.urncanefREsearch Pr?jf'd &?nd a
’ L irector of the National Hurricane

1-800-621-2736 (US & Canada) Center. He helped to create the

American Meteorological Society 773-702-7000 (all others) Saffir-Simpson Hurricane Scale; the

custserv@press.uchicago.edu public knows well his Categories 1-5. Proceeds from this book
help support the AMS’s K. Vic Ooyama Scholarship Fund.
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