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ABSTRACT
Few currently deny that extreme weather and climate change are among the most pressing problems of our
times. There is also general agreement that humans are intrinsically part of the problem and of the solution. For
the past hundred years, the American Meteorological Society (AMS) has supported weather and climate science, but only recently has it included the social sciences. In this chapter we review a few trends in the social
science of climatic impact currently informing understanding of human interactions with weather, hazards, and
climate change, including the science of science use, vulnerability and adaptation, and climatic change, health,
and security. We argue that the social sciences have been steadily growing within AMS journals and have made
an impact on the field (especially after the launching of a specific journal focusing on impact—Weather, Climate,
and Society) but still have much room to grow within AMS to represent the many areas of social studies of
weather and climate in the literature. One grand challenge that remains is to increase the usability and use of
AMS-produced knowledge to inform decision-making in mitigating and responding to climatic change.

1. Introduction
Few currently deny that extreme weather and climate
change are among the most pressing problems of our times.
For the past hundred years, the American Meteorological
Society (AMS) has supported and fostered science focusing
on meteorology and climatic change, but only more recently has this effort included the social sciences (Demuth
et al. 2007). In this chapter, we review some of the social
science currently informing our understanding of human
interactions with all forms of climatic change including
weather, hazards, and climate change, and/as well as their
impacts and potential solutions.
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The importance of understanding the impact of weather
extremes and climate on society cannot be overstated.
Short- and long-term impacts of extreme events, El Niño,
and incremental and/or abrupt climate shifts have the
potential not only to offset decades-long gains in antipoverty programs worldwide but also to critically compromise the ability of future generations to thrive (World
Bank 2010; Denton et al. 2014). While climate change
emerged first as an atmospheric rather than a societal
problem (Sarewitz and Pielke 2000), it soon became clear
that understanding and addressing its global and local
scopes would require more than atmospheric and oceanographic sciences alone. Accordingly, the past few decades
have seen the steady emergence of a wide range of disciplines and interdisciplinary fields of study focusing on climatic changes. And whereas the social sciences are a
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somewhat late comer to this landscape, they have dramatically grown in influence and in the number of disciplines and areas of research represented. It is precisely
because of this rapid growth, diversity, and range of foci
that the task of representing all the social sciences in this
book is daunting and unattainable. Hence, from the start,
we recognize any attempt to do so will be incomplete and
likely biased toward those areas where we have developed
our own work. Given the focus of this volume on the last
100 years of AMS research, we also acknowledge that it is
only recently that the social sciences have featured more
prominently in AMS journals, especially with the creation
in 2009 of Weather, Climate, and Society (WCAS). In addition, while the other chapters in this monograph focus on
different disciplines within the Society, our task is made
more complex by the sheer number of social sciences
disciplines that have contributed to the human dimensions
of climate and weather—itself an unsatisfactory term to
define this rich body of work. Hence our goal here has
been to contextualize a few trends in the vast social science
literature focusing on weather and climate for the book
and to identify research gaps within these trends. In this
sense, this chapter is neither a summary of all social science
for the past 100 years, nor is it an attempt to systematically
suggest grand challenges for future research across the
social sciences—both tasks that are much beyond our capacity or ambition to carry out.
Having stated that, we have attempted to bound this
chapter by adhering to a few criteria to make it manageable. Our overall rationale is to focus on the social
sciences of weather and climate impact, that is, on the
contributions of the social sciences toward understanding
processes and responses at the places where weather and
climate impacts affect critical aspects of society (vulnerability and adaptation, hazards, health effects, and security). Second, we focus on social science fields of study
that seek to understand drivers and constraints to the use
of atmospheric and oceanographic sciences, and we focus
on how to overcome these barriers in support of decisionmaking to solve weather and climate impact problems in an
ethical and just manner (e.g., weather and climate knowledge usability, decision and behavioral sciences, communication, and climate justice). Third, while we recognize the
vast existing literature and the critical value of other areas
of foci such as mitigation and energy, global governance,
and the role of public opinion and skepticism, among
others, we are not including them in this review given their
lower prominence within the scope of AMS journals.
We organize this chapter as follows: First, we focus on the
role of the social sciences in climatic research in general and
how it has evolved through time, including within AMS.
Second, we survey the field of the social sciences of weather
and climate, including the social contribution to hazard
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events, the science of knowledge use, communication, and
climate justice. Third, we review the sprawling literature of
vulnerability and adaptation, especially focusing on
broader trends in understanding and growing complexity.
Last, we briefly assess climate health and climate and security as two emerging areas within AMS journals. Wherever possible, we made a concerted effort to provide
references from AMS journals, especially the Bulletin of the
American Meteorological Society (BAMS) and WCAS.

2. Social science in the American Meteorological
Society
Although humans have been increasingly the focus of
attention within the scope of climate and weather research, contributions from social sciences as a significant
and stand-alone body of work have come late to AMS.
In one sense, AMS has had a long-term orientation of its
science toward societal needs because its earliest members were professional meteorologists seeking to improve the forecasting of weather and extreme events for
the benefit of agriculture, national defense, and other
sectors. As early as the 1920s, BAMS (https://www.
ametsoc.org/ams/index.cfm/publications/bulletin-ofthe-american-meteorological-society-bams/) started
publishing peer-reviewed contributions of interest across
the fields of meteorology, including social science. It was
not until the 1970s that BAMS started to more consistently
publish contributions stemming from interdisciplinary
questions of interest to the social sciences, such as the
impacts of weather and climate and their extremes on
society, the connection between urbanization and weather
patterns, professional decisions about and communication of forecasts and warnings, the economic value of
weather and climate information, the use of information
in decision-making, and the attribution of damages to
particular weather or climate causes. However, key topics
within BAMS remain largely focused on weather and climate (Fig. 26-1). Occasionally other AMS journals such
as the Journal of Applied Meteorology, Monthly Weather
Review, and Weather and Forecasting have also published
a few articles on these topics.
Moreover, in the latter half of the twentieth century,
AMS was actively seeking to increase its societal focus
and relevance. In 1976, the pages of BAMS featured a
selection of views solicited from the AMS Committees
of the Scientific and Technological Activities Commission as input to the ‘‘debate within the scientific community on the need to contribute effectively to the
solution of the problems of our society’’ (Winchester
1976). The issues identified therein are eerily relevant
today: energy generation, food supply, environmental
pollution, public health, the effects of increased use of
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FIG. 26-1. Keyword frequency for articles published in BAMS. We used WoS to produce a list of all journal articles
published in BAMS from 2009 to 2018. This query yielded a total of 935 articles after excluding conference proceedings, letters, meetings, editorials, abstracts, and reviews. We then imported these data into BibExcel, version
2014-3-11 (https://homepage.univie.ac.at/juan.gorraiz/bibexcel/; Persson 2009), which is an open-source software
designed for conducting bibliometric analysis, to generate a complete list of keywords derived from WoS’s ‘‘KeywordsPlus.’’ We truncated responses at nine to remove low-frequency keywords. WoS’s KeywordsPlus is a list of
keywords that a publication’s editors provide for an article. We then performed a frequency count to analyze how
often particular keywords appear in articles published in BAMS. For readability, we shortened the keywords for
some of the bars. They are as follows: Models1 5 model, models, prediction, simulation, simulations, and ensemble;
Weather2 5 weather, precipitation, temperature, rainfall, and forecasts; Climate3 = climate and climatology;
Impact4 = impact and impacts; Data assimilation5 5 data assimilation and data assimilation system.

space on the environment, deliberate weather modification, the need for better probabilistic understanding,
and of course, ‘‘inadvertent effects’’ on the atmosphere
and global climate (Winchester 1976). Also, it is important to recognize the role of AMS itself in supporting
the growth of social sciences within the community of
meteorology and atmospheric sciences. In the 2000s,
leaders in AMS such as Bill Hooke and Roger Pulwarty
recognized that providing venues for the sharing of
scholarship at the interface of social science and meteorology or climate was necessary to advance the field
and grow the community of scholars. First, AMS made a
significant decision to support a Policy Program within
its Headquarters that included a summer Policy Colloquium to encourage interaction among all scholars interested in their work’s application to policy. Second,
AMS started a new Annual Meeting Conference Track
in 2006, first called the Symposium on Policy and Socioeconomic Research and later renamed the Symposium on Societal Applications: Policy, Research and
Practice. The Conference has steadily grown and attracts submissions from scholars all over the world.
Moreover, projects such as Weather and Society*Integrated Studies (WAS*IS) and Social Science Woven

into Meteorology (SSWIM), led by social scientists such
as Eve Gruntfest, helped to organize communities of
young scholars across disciplines to promote the ‘‘incorporation of social science tools and concepts into
meteorological research and practice’’ (Demuth et al.
2007, p. 1729).
In 2009, AMS finally launched a journal dedicated to
interdisciplinary research at the intersection of weather,
climate, social science, and policy: Weather, Climate, and
Society, which has become the go-to journal among interdisciplinary scholars working at this interface. The
addition of WCAS to the roster of AMS journals has
helped to expand and to consolidate the focus of social
science research within AMS. As Fig. 26-2 illustrates,
authors publishing in WCAS are largely concerned with
questions about the usability of climate information
and decision-making; communication; risks and hazards;
and vulnerability, adaptation, resilience, and adaptive
capacity.
Figures 26-1 and 26-2 illustrate the recent evolution of
the social sciences within AMS. They are based on a
nonextensive, bibliometric analysis of BAMS and
WCAS that shows the frequency of keywords appearing
in peer-reviewed articles published in both journals
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FIG. 26-2. As in Fig. 26-1, but for articles published in WCAS. This query yielded a total of 278 articles after
excluding conference proceedings, letters, meetings, editorials, abstracts, and reviews. Shortened keywords are as
follows: Climate Change1 5 climate change, climate, and anthropogenic climate change; Adaptation2 5 adaptation,
adaptation strategies, adaptation insights, climate change adaptation, change adaptation, and adaptive capacity;
Perception3 5 perception, farmers’ perceptions, and risk perception; Weather4 5 weather, rainfall, precipitation,
temperature, and forecasts; Decision-Making5 5 decision-making, management, and risk management; Sub-Saharan
Africa6 5 sub-Saharan Africa, Burkina Faso, West Africa, and southern Africa.

from 2009 to February 2018 using the Thomson Reuters/
Clarivate Analytics Web of Science (WoS). Although
this analysis provides a cursory overview of the literature published in both journals, it does indicate the main
topics published in them. Overall, peer-reviewed articles
in WCAS cover a wider breadth of social science topics
(Fig. 26-2), whereas peer-reviewed articles in BAMS
tend to focus on issues related to climate and weather
(Fig. 26-1).
The direct citation network (Fig. 26-3) from WCAS
shows a predominance of two main interrelated clusters:
one around risk perception, knowledge usability, and the
political ecology of climate and weather and a second
around weather and weather communication. The analysis illustrates the growing diversity across the social
sciences within AMS, but it also suggests that there is
room for growth and depth of integration with other
areas of AMS.

Why the social sciences?
Any hope we have to address the impacts of climatic
change better is predicated on our ability to understand
the problem and come up with viable solutions. From an
impact perspective, individuals, communities, institutions
(rules, norms, and practices), and organizations at every
scale are an integral part of the climatic change problem
either by being vulnerable to its impacts or by being able
to avoid (plan and prepare) and respond to them (adapt).
Early on, pioneers in the area of ‘‘human dimensions
of climate change’’ were critically arguing that without

understanding social processes and how they influence
vulnerability and response, we were doomed to fail to
plan and prepare for climatic impacts. Numerous reports from governments (e.g., IPCC or national assessments), international organizations (e.g., World
Bank or United Nations), nongovernmental organizations, and scientific organizations (e.g., National
Academy of Sciences or Future Earth) have urged
governments and research communities to better integrate all areas of related knowledge, but especially
the social sciences, in an effort to avoid and respond to
climatic change. For example, the U.S. National Research Council of the U.S. National Academy of Sciences alone released at least six reports in the last 15
years that critically highlighted the role of the social
sciences in understanding and responding to climatic
change (NRC 2006b, 2009a,b, 2010, 2013; NAS 2018).
They were right, yet more than a decade later we are
still grappling with a basic understanding of the
‘‘wickedness’’ of climate impact, not the least of which
examples is the role of climate science and its inherent
limitations (e.g., uncertainty, scale, and resolution mismatch relative to decision-makers’ needs) in informing
policy (McNie 2007; Dilling and Lemos 2011). Beyond
climate science itself, the intersection between climate
impact and humanity’s age-old intractable problems such
as poverty and underdevelopment (defined as lack of
access to basic livelihood capitals such as money, education, health, political voice, safety, and natural resources), injustice, and conflict have attracted a thriving
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FIG. 26-3. Direct citation networks for WCAS. Direct citation networks allow us to examine the flow of information between two articles by
looking at who is cited among the articles published in a journal. BibExcel was used to standardize references by omitting the author’s second
(and any subsequent) initial to reduce the chances of missing a link because of spelling variations in the author’s name. We then linked
articles on the basis of author’s last name and first initial, year of publication, journal, and volume. Direct citation network files were created
in BibExcel and imported into Gephi, which is an open-source software that is commonly used to visualize and analyze network data. We
used a ‘‘force atlas’’ algorithm for its layout, which clusters nodes closer together if they have more links. Scholarly communities were then
identified by using a modularity analysis in Gephi, which groups nodes according to how densely connected they are to one another.

community of social scientists from and across disciplines
focusing on climate-related problems.
On the one hand, the social sciences have come a long
way from the nondescriptive umbrella of so-called human dimensions of climate change. Today almost all disciplines of the social sciences and many in the humanities
(e.g., economics, geography, political science, sociology,
psychology, education, philosophy, anthropology, and history) and their cross and sectoral fields of study [e.g., science, technology, and society (STS), political and human
ecology, urban studies, organizational studies, decision
sciences, and complex systems] have turned their attention
to weather and climate-related issues. In broad terms, the
last 100 years have witnessed a massive growth in research
and knowledge production in human–environment interactions, with a strong focus in recent decades on human
adaptation and vulnerability to environmental change,
particularly to climatic change (Janssen et al. 2006). Much
of this knowledge production has drawn from longstanding disciplinary traditions, focusing, for example, on

environmental risk perception (e.g., Slovic 1987; Kasperson
et al. 1988), planning and policy for effective hazard and
disaster risk management (e.g., White 1973; Burton et al.
1978), food security research and policy and research in
international development (e.g., Sen 1981; Watts 1983),
environmental governance (Ostrom 1990), and understanding societal impacts of climate and weather (Glantz
and Katz 1977; Glantz 1982). On the other hand, the social
sciences have not gone far enough in integrating and
commanding the funding and attention comparable to
the physical and natural sciences in either the weather or
climate change domain, despite wide recognition of their
importance (NRC 2009b; NAS 2018).
In this landscape, there are increasing calls for interdisciplinarity (the integration of different disciplines
to understand and solve climate problems) and transdisciplinarity (the deliberate engagement of users of
weather and climate information in the process of knowledge making). The rationale is that without the involvement of different disciplines and of those tasked with
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making the politically and economically costly decisions to
prevent and respond to climate impact, action will not
happen (NRC 2009a). Moreover, social sciences have
much to contribute if we want those preventative actions
and responses to be ethical and just and lead to increased
societal well-being (O’Brien and Leichenko 2003; Adger
et al. 2006; Roberts and Parks 2006; NRC 2010).
Specifically focusing at the intersection of weather,
climate, and social systems, research into the impacts of
hazards in society and our capacity to mitigate such
impacts has shaped theories and concepts associated
with human behavior in the face of risk, as well as the
relation of behavioral responses to policy incentives and
the institutional context of decision-making.
In the 1960s, at the dawn of the environmental movement in the United States, environmental psychologists
created analytical tools to help evaluate human risk
perception and attitudes about the environment, as well
as theories to explain the divergence in the perception of
nonexpert (‘‘lay’’) versus expert knowledge communities
over risk (Slovic et al. 1981). This research coincided
with the evolution of hazards research and policy in the
United States, led by Gilbert White’s research into the
inefficiencies and failures of contemporary flood risk
management policy (White 1986). White (1986) revealed the inadequacy of hazard risk management
policy that only focused on infrastructural interventions
and early warning systems without taking into consideration the attitudes, perceptions, and associated behavioral responses of the public to hazard information
and risk.
By the latter half of the twentieth century, the social
sciences were highlighting the fact that social vulnerability to hazards could not be addressed only through
improved information on risk and infrastructural investments. Informed by new insights into decisionmaking, such as the concept of ‘‘bounded rationality’’
(Simon 1955), social scientists questioned the assumption
that additional information about hazards—whether climate forecasts, early warnings, or more accurate flood
maps—would necessarily result in better decisions. In
addition, other aspects of vulnerability such as decisionmaking heuristics, risk perception, environmental attitudes, and economic and public policy all interacted in
shaping behavioral responses (Burton et al. 1978).
Similarly, understanding why climatic knowledge is used
or not in decision-making has played a critical role in
bridging AMS physical climate science to the social sciences. In the 1980s, advancements in understanding the
coupled atmosphere–ocean system led to the tantalizing
discovery of some skill in predicting the El Niño–Southern
Oscillation (ENSO) climate pattern months ahead of
time (Zebiak and Cane 1987) and revealed ENSO’s
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teleconnections to droughts and flooding events in different
regions of the world (Ropelewski and Halpert 1987). These
advances opened the door to the possibility of using the
predictability of the ENSO system as an input to decisionmaking for farmers, water managers, fisheries, and
other resource managers around the world. These early
studies also involved understanding how to characterize and measure drought so that metrics could be more
useful in decision-making (Glantz and Katz 1977; Katz
and Glantz 1986)—including the seminal recognition
that drought can be defined in different ways depending on the discipline or the societal perspective (e.g.,
agricultural, socioeconomic, or hydrological) (Wilhite
and Glantz 1985).
Early experiments in understanding the use of seasonal
to interannual climate forecasts focused on the Northeast
region of Brazil, Peru and Chile, southern Africa, Australia, and some areas of the United States (Hammer 1994;
Pulwarty and Melis 2001; Broad et al. 2002; Orlove et al.
2004; Vogel et al. 2007). What many of these experiments
showed, however, is that the real-world use of these forecasts was disappointingly less than scientists expected and
was fraught with issues of equity and potential unintended
outcomes (Lemos and Dilling 2007). Through this evolution of the field in the 1980s and 1990s, social scientists
became increasingly drawn into the coupled questions of
why decision-makers do or do not use climate information
and how climate research could be conducted so that it is
more usable for decision-making (Vogel and O’Brien
2006; Patt et al. 2007; Dilling and Lemos 2011; Lemos
et al. 2012).
Since then, this literature has spread out and matured,
going much beyond seasonal climate forecasting to include all forms of climate information and different
analytical frameworks from such diverse areas as healthbased translational sciences, business, organizational
studies, sociopsychology, and STS. These approaches
have critically enhanced not only our understanding of
constraints and opportunities for climate information use
but have also informed a rich practice on engagement
with different communities of practitioners in areas such
as water management, agriculture, and urban planning
(Lemos and Morehouse 2005; Bolson and Broad 2013;
Briley et al. 2015; Kalafatis et al. 2015a; Prokopy et al.
2017; Vogel et al. 2016).
In more than one sense, these broad streams of literature have informed our understanding of both the impact of and responses to climatic change. In the next
few sections we review them more specifically, keeping
in mind that any attempt to survey all the critical insights advanced to date would be incomplete. Rather,
we look at the evolution of these issues in the context
of a few specific areas of study: the science of science use,
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vulnerability and adaptation and the intersection between climate impacts, health, and security.

3. The social sciences of weather and climate
a. The science of usability and communication
1) UNDERSTANDING PERCEPTIONS, VALUE, AND
USE OF WEATHER AND CLIMATE INFORMATION

The generation, use, and understanding of weather
forecasts have been a fruitful area of collaboration between social scientists and atmospheric scientists. While
skill verification is a common feature of atmospheric sciences, human dimensions of forecasting became the focus of
research in the 1980s. Early examples of research in this area
compared the skill of ‘‘objective’’ and ‘‘subjective’’ forecasts
(the latter being generated by judgment of forecasters rather
than numerical–statistical procedures; Murphy and Brown
1984) and understanding how the public actually understood
forecasts and whether they had confidence in them
(Fischhoff and MacGregor 1982; Murphy et al. 1980).
More recent research in this area includes work on
perceptions of hurricane forecasts and decisions to
evacuate (Dow and Cutter 2002; Broad et al. 2007;
Demuth et al. 2012; Lazo et al. 2015; Bostrom et al. 2016;
Demuth et al. 2016), coastal storm evacuation messaging
(Cuite et al. 2017), flash flood warnings and risk perception (Benight et al. 2007; Ruin et al. 2007; Lazrus
et al. 2016; Feldman et al. 2016), tornado warnings
(Barnes et al. 2007; Simmons and Sutter 2009; Hoekstra
et al. 2011; Klockow et al. 2014; Ripberger et al. 2015),
drought early warning (Pulwarty and Sivakumar 2014),
the communication of probability (NRC 2006a; Joslyn
and Nichols 2009), challenges in reaching vulnerable
populations (Phillips and Morrow 2007; Hayden et al.
2007), and the use of social media for the communication of severe weather and warnings (Sutton et al. 2008;
Freberg et al. 2013; Morss et al. 2017; Demuth et al.
2018). Community calls for focused research in the social science of forecasts and warnings have accompanied
the growth of the field (Montz and Gruntfest 2002;
Morss et al. 2008b; Gladwin et al. 2009; Gruntfest 2018).
In the 1990s, the weather community also began to look
more systematically at the societal impact of weather events
and at how weather information could make a difference in
preventing losses and deaths. Stanley Changnon stands out
as a frequent contributor to the AMS journals in this arena,
calling attention to the potential role of atmospheric science
in informing energy demand and supply (Changnon et al.
1995), mitigating the impact of heat waves (Changnon
et al. 1996), economic and human health impacts (Kunkel
et al. 1999), examining the use of climate forecasts in agriculture (Changnon 2004), and the emergence of weather

derivatives and risk models (Changnon and Changnon
2010). As the role of climate change became a more salient
policy question, some of this work turned to the question of
attribution of losses. Work at this interface showed that
society was facing increasing financial and damage losses
because of societal choices in how and where to build assets.
This research also suggests that such losses were not likely to
decrease even if climate change was mitigated (Changnon
et al. 2000; Pielke 2007a).
Another strand of work in interdisciplinary meteorological social science work is the investigation of the
economic value of forecasts or weather information in
general. Early work in this area focused on agricultural
applications such as fallowing/planting decisions and
fruit frost responses (Stewart et al. 1984; Brown et al.
1986) but has now extended to many other areas of
weather and climate (e.g., value of hurricane forecasts;
Letson et al. 2007).

2) USABILITY OF WEATHER AND CLIMATE
INFORMATION

In trying to understand how useful and usable climate
knowledge is in informing decision-making, scholars
have uncovered several reasons why people do not use
weather and climate information or at least do not use it
to its full potential. Some of the reasons have to do with
the characteristics of the information itself, which in turn
is influenced by how the information is produced in the
research process. Other constraining factors lie completely outside of the scientific process and relate to the
decision context (Dilling and Lemos 2011).
In a seminal paper addressing the use of information
by assessment processes, Cash et al. (2003) lay out
three main criteria needed for information to be usable
in decision-making: credibility, salience, and legitimacy. Credibility is the degree to which the scientific
information is seen as high quality as judged by the
standards of the scientific community, including peer
review, institutional source, and established methodological procedures. Salience refers to the relevance of
the information for the decision at hand: these factors
might include relevant spatial scale, timeliness, appropriate selection of variables, and understandable
presentation format. Legitimacy comes from the process used to produce the information, which must be
seen to be free from bias and perceived by stakeholders
to be transparent. In a review of over 30 empirical
studies on the use of seasonal to interannual climate
forecasts, Dilling and Lemos (2011) found that spatial
and temporal scales, skill of forecasts, timing of availability of forecasts, trust in the forecasts and process,
and accessibility and understandability of forecast
products were all cited as important mediators of use.
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TABLE 26-1. Summary of opportunities and barriers that affect usability as derived from the literature. This table is from Lemos et al.
(2012) and is reprinted by permission from Springer Nature.
Barriers identified in the literature
Not accurate and reliable
Not credible
Not salient
Professional background
Previous negative experience
Value routine; established
practices; local knowledge
Low or no perceived risk
Difficulty incorporating
information

Opportunities identified in the literature

Fit
Not timely
Accurate and reliable
Not useful; not usable
Credible
Excessive uncertainty
Salient
Interplay
Insufficient technical capacity
Previous positive experience
(e.g., lack of models)
Culture of risk aversion
Threat of public outcry; public
pressure
Insufficient human or financial
Perception of climate vulnerability
capacity
Legal or similar
Sufficient human or technical
capacity
Lack of discretion
More flexible decision framework

Timely
Useful; usable

Technocratic insulation
Water scarcity
In-house expertise
Triggering event/crisis
(drought, El Niño, etc.)
Organizational incentives
Value research; information
seeking

Not legitimate
One-way communication

Infrequent interaction
End-user relationship

Interaction
Legitimate
Two-way communication
Iterative

In addition, the very context of use was instrumental in
determining whether even relevant information would
be taken up by the decision process (Dilling and
Lemos 2011).
Contextual issues influencing use include inflexible
institutional rules about acceptable sources of information, ‘‘fit’’ to the decision when compared with
other priorities at hand, organizational cultures and reward structures, and the availability of alternative
courses of action (Lemos et al. 2012). Furthermore, the
very notion of ‘‘what use is’’ in a weather and climate
context has been more deeply interrogated and shown to
have a variety of dimensions, from use from an instrumental perspective, in which information directly
impacts a decision, to use for ‘‘enlightenment’’ or confirmational purposes, in which, although the decision
itself may not have changed, information may have
played a role in informing or confirming an existing
decision path (Wall et al. 2017). Table 26-1 illustrates
some of these constraints reviewed in the literature [the
table is taken from Lemos et al. (2012)].
It is also important to recognize that the use of information is not neutral, but in fact may serve in some
cases to reinforce or reenact existing power structures
and inequities in society. For example, Broad et al.
(2002) found that while the application of seasonal to
interannual forecasts in the case of a Peruvian fishery
affected by ENSO resulted in little use by fisherman, it
was used by fishing companies to scale down their activities, including firing employees. Indeed, producing

Trust
Long-term relationship
Coproduction

and disseminating information devoid of the cultural
context or understanding of the complex dynamics of a
region can be ineffective at helping communities manage their vulnerabilities (Vogel and O’Brien 2006).
Moreover, recent scholarship has increasingly focused
on the potential for unequitable and unjust outcomes of
the coproduction of climate knowledge, whereby scientific knowledge can potentially crowd out or discredit
local and indigenous knowledge (Meehan et al. 2017).
Intertwined with these investigations of what usable
information looks like and how context enables or prevents use has been an effort to understand how to improve the use of information in practice. In 2005, Lemos
and Morehouse identified the importance of coproduction as a process grounded in iterativity, a concept that lies at the intersection of interdisciplinarity,
stakeholder participation and usable knowledge (Lemos
and Morehouse 2005). Coproduction at its heart relies
on the interaction between researchers and stakeholders
and places the emphasis on ‘‘beginning with users’
needs’’ while taking into account the possibilities and
limitations of what science can provide (Meadow et al.
2015). This represents a departure from the 1940s
mental model of a linear process in which scientists
conducted their research largely in isolation from societal needs and then placed the results in a ‘‘loading
dock’’ where others could then take it up for use (Cash
et al. 2006). The loading-dock model has been critiqued
as one of the factors that contribute to research being at
the wrong scale, being available at the wrong time, or
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focusing on the wrong variable, for example. Instead, in
the past decade, coproduction has been taken up as a
rallying concept through many different processes and
organizations, including those led by practitioners in the
field (Beier et al. 2017; VanderMolen and Horangic
2018; Kruk et al. 2017). Similarly, social science research
in the severe weather meteorological community has
identified the need to reconceptualize research processes as
‘‘end-to-end-to-end,’’ embodying multidirectional communication, sustained interactions with multiple partners, and
interdisciplinary collaborations (Agrawala et al. 2001;
Morss et al. 2005).
As coproduction has matured as a concept, more attention has been focused on understanding empirically the
details of how interaction might work to increase the usability of potentially useful information. McNie et al.
(2016) have set forth a comprehensive set of attributes that
organizations focused on conducting user-centric research
might embody across their knowledge production, learning, and engagement activities, including the way expertise
is conceptualized, how research goals are envisioned, and
how success is evaluated. At the same time, the idea of
coproduction as a panacea for lack of information use has
been questioned, and examples of how coproduction may
fall short have emerged in the literature (Lövbrand 2011;
Meehan et al. 2017; Lemos et al. 2018).
Organizations can play a key role in making science
more usable to decision-making. ‘‘Boundary organizations’’ in this context are those organizations that sit at
the interface between the production of scientific information and those that are making decisions (McNie
2008; McNie 2013; Guido et al. 2016; Feldman and
Ingram 2009; Lynch et al. 2008). Successful organizations
play a role in translating, mediating, and communicating
across the boundary. Functionally, it is important that
boundary organizations not only serve as knowledge
brokers, but also act to maintain ‘‘dual lines of accountability,’’ which allows both sides of the boundary to remain credible within their own spheres (Kettle and
Trainor 2015). This type of work is labor and time intensive and carries high transaction costs. As a result, to
reach the broad range of stakeholders with varying
amounts of capacity in a region, organizations have
adapted to different strategies such as ‘‘boundary chains’’
with smaller, more localized organizations (Lemos et al.
2014). Case studies have shown that boundary chains can
be effective in improving the understanding of the usability of climate information as well as increasing its
actual use, but questions remain in terms of their longterm sustainability and ability to smooth risks across the
different organizations involved (Meyer et al. 2015).
More broadly, regional networks and specialized networks and communities of practice within a region have
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played a critical role in amplifying access to knowledge
and ultimately tailoring that knowledge to particular
groups and contexts (Dow et al. 2013; Dilling et al. 2015a;
Kalafatis et al. 2015b).
Research examining coproduction and the production
of usable science or actionable knowledge points to the
importance of a deliberate process to facilitate engagement between scientists and decision-makers (Meadow
et al. 2015; Wall et al. 2017). Indeed, organizations operating in this space need to ‘‘own’’ the process of producing usable science—just assuming it is ‘‘someone
else’s job’’ will often mean that usable science falls off the
table as low priority (Dilling and Lemos 2011, Meadow
et al. 2015). Scholarship has also increasingly questioned
coproduction as a model in terms of both outcomes and
costs (Lemos et al. 2018; Meehan et al. 2017).

3) COMMUNICATING WEATHER AND CLIMATE
Another factor affecting climate information usability
is how it is communicated and understood by potential
users. Communication research surrounding public understanding of warnings, forecasts, and scientific information itself has bloomed in the past several decades.
And while weather information itself has been produced
for over a century at an institutional level through national meteorological offices, it has only been in the past
25 years that social scientists have become deeply engaged in interdisciplinary research with the meteorological community on questions of why individuals do
not heed severe weather warnings or what people actually understand when they hear a weather forecast, for
example (Demuth et al. 2011).
Because the Internet and social media are rapidly
changing both the way people obtain information and
the way they interact with those sources of information,
it is important to revise how we conceive of communication and think of it as an ‘‘interactive experience
among people who are working within their own
evolving, uncertain worlds, embedded in larger sociotechnological contexts’’ (Morss et al. 2017, p. 2654).
Similarly, technological advances allow for much
greater targeting and tailoring of messages to specific
audiences regarding climate change (Bostrom et al.
2013). Framing is also critical for climate change communication but may be serving to reinforce divides
rather than seeking common ground (Nisbet 2009).
Research in this area has contributed to questioning the
‘‘information deficit model’’ that assumed that lack of
climate-related action was caused by lack of information
rather than by poor communication or efforts to enable
use (Moser and Dilling 2011). While the public does not
always understand the technical, meteorological definitions of weather forecasts, lay people do understand that
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deterministic forecasts are uncertain, and they have a
general sense of which types of forecasts are likely to be
more accurate (Morss et al. 2008a). The Morss et al.
(2008a) research suggests that understanding the preexisting concepts and understanding that laypeople
construct from weather information is critical to making
future weather research and forecasts more usable.

4) CHALLENGES IN KNOWLEDGE USABILITY
Despite much progress in the science of science use,
many challenges remain in our ability to make the science of weather and climate usable in solving societal
problems. First, we still know little about decision
contexts more specifically and how they affect climate
information uptake and use. While we have been good
about asking stakeholders what they need, we have
paid less attention to how they make decisions and how
social science can help in overcoming some of the
identified barriers. Indeed, we know considerably more
about producing and communicating scientific climate
knowledge (Sarewitz and Pielke 2007) than we know
about how practitioners make decisions. Second, while
the science of science use has been instrumental in
generating recommendations on how to coproduce,
create, and evaluate usable scientific weather and climate knowledge, it has done less in reflecting how its
own knowledge is usable to solve climate problems
(e.g., Pielke 2007b; Lemos et al. 2018). Third, there is a
need for more empirical and systematic research about
the potential for both positive and negative outcomes
of coproduction. While most of the focus has been on
the process of coproducing itself, much less attention
has been paid in documenting the actual outcomes of
coproduction in terms of knowledge use, positive or
negative (Lemos et al. 2018). Finally, in addition to
normative calls for equity and justice we need much
better empirical understanding of the winners and
losers of climate impacts, including the implications
of scientific knowledge use and coproduction in this
context.

b. Vulnerability and adaptation
1) VULNERABILITY AND CLIMATE
The growing recognition of the threat of climate
change has consolidated the diverse contributions of the
social sciences to climate research into a knowledge
domain often referred to as human dimensions research
(Stern et al. 1992). Human dimensions research encompasses a diversity of topics associated with the human experience of and responses to environmental
change, including impact and vulnerability analyses,
decision analysis, governance, institutional design, risk
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perception, social–ecological resilience, and adaptation
and adaptive capacity. It places human systems, rather
than the biophysical stressors, as the entry point for
analysis. In doing so, the larger objective of human dimensions research has been to situate environmental
change within the social systems that filter, structure,
and shape how humanity is affected by climatic stressors
and change. Human dimensions research has also
enabled a focus on how, in the past, social systems have
responded to environmental change, and what this understanding implies for society’s ability to respond to
current and future changes.
Much of the core knowledge production from the social
sciences has been in relation to the constructs of social
vulnerability (i.e., the propensity of any entity to suffer
harm or loss; Eakin and Luers 2006) to climatic stressors
and change, and adaptation (i.e., the actions, processes,
and outcomes intended to maintain human capacity to
deal with current and future change and avoid loss;
Nelson et al. 2007). Early social science work on vulnerability to climatic risk and hazards stems from the tradition of human–environment or human–ecology research
in human geography and anthropology of the early
twentieth century (Judkins et al. 2008). With a strong
environmental deterministic lens and claims that environmental conditions had significant influence over the
development of economic, cultural, political, and social
life, the primary questions for the social sciences related
to human adjustments to distinct and often adverse climatic stress and environmental constraints (Peet 1985).
Initially, vulnerability as related to climatic events was
evaluated as originating from external environmental
stressors—an outcome of the exposure of individuals and
communities to extremes and adverse environmental
conditions (O’Brien et al. 2007; Adger 2006).
The environmental determinism strain of human environment research began to be challenged with the work of
such scholars as Carl Sauer and Julian Steward (Solot 1986;
Judkins et al. 2008), who carefully documented the ways in
which social practices and social organization had significantly transformed landscapes across the world to meet
social needs. Extensive case study research that demonstrated society’s capacity to modify the environment
became a focal point of study, providing historical evidence
of the degree to which local and regional environmental
processes could be affected by human action (Turner et al.
1990). In the 1980s and 1990s, scholars began to formally
challenge frameworks of analysis that suggested that vulnerability was, in fact, simply a product of biophysical exposure. Instead, social scientists (e.g., Hewitt 1983; Watts
1983; Liverman 1990; Cannon 1994; Blaikie and Brookfield
1987) put forth evidence that social systems play significant roles in creating the social, political, and economic
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conditions that result in differential exposure to hazards
and thus differential—and often inequitable—distribution
of vulnerability. This socially informed political–economic
perspective on vulnerability has increasingly become central to a global understanding of climate change risk,
climate justice, and climate impacts, as reflected in the
more recent IPCC assessments (Eakin and Luers 2006;
Adger 2006).
The emergence of cultural ecology, human ecology,
and, eventually, political–ecology research provided an
interdisciplinary domain for research into the social
factors influencing environmental change, as well as the
documentation of the creativity and innovative responses of social systems to environmental constraints
(e.g., Mortimore 1989; Netting 1993). The practices and
culture of rural populations living in agroclimatic conditions that would seem inhospitable for human subsistence activities were the focus of much of this work
(Denevan 1983; Wilken 1987; Batterbury and Forsyth
1999; Zimmerer and Bassett 2003). In anthropology and
geography, for example, such research illustrated how
traditional smallholder farm systems had developed
sophisticated means of adjusting to variable climatic
conditions and microclimatic variations (e.g., Bebbington
1999; Roncoli et al. 2002; Eakin 2005).
While this work long preceded international concern
over global climatic change, the knowledge produced has
provided an empirical and theoretical foundation for adaptation research, demonstrating not only what adaptations
are possible, but also the conditions under which such
adaptations emerged, are disseminated, and adopted.
Cultural ecology and human–environment research in geography and anthropology also paved the way for a recognition of the critical importance and influence of local
knowledge: knowledge acquired through practice, cultural
tradition, and local experimentation. Local knowledge and
observation have not only informed our understanding of
what environmental changes have occurred and are occurring (Berkes et al. 2000) but also human capacities and
limitations in response to such change.

2) CLIMATE ADAPTATION
As the inevitable necessity for adaptation to climate
change was recognized in the 1990s (Schipper 2006),
international organizations, funding agencies, and governmental bodies began to focus on what adaptation
would mean in practice. Social scientists in interdisciplinary
teams worked to develop guidelines, tools, and approaches
for operationalizing adaptation planning and policy (Klein
and Maciver 1999; Smit et al. 1999; Schipper 2006). Initially,
adaptation planning followed from impact assessment: once
robust projections of anticipated climate impacts could be
determined from biophysical models, scenarios, or historical

assessments of exposure and hazard frequency, then suites
of specific forms of technological or policy interventions
could be proposed to reduce such impacts. In this context,
the U.S. Agency for International Development sponsored
adaptation and vulnerability planning in the Countries
Studies Program (USCSP 1999). In the United Kingdom,
the Climate Impacts Program (UK CIP) was developed to
facilitate systematic adaptation planning among public and
private entities (McKenzie Hedger et al. 2006) and internationally, the United Nations put forth the Adaptation
Policy Framework to support the integration of adaptation into international development programs (SpangerSiegfried et al. 2004).
These efforts in supporting organized and structured
adaptation planning at different levels of governance
were instrumental in advancing the consideration of climate change risk in formal decision and policy processes
(Tompkins et al. 2010; Ford et al. 2011). Nevertheless, the
operationalization of the proposed frameworks was
challenged by the real-world decision context of policy
makers and development practitioners: climate risk and
vulnerability are only one of many stressors faced by
public sector actors (O’Brien and Leichenko 2000),
planning for adaptation itself also requires specific skills
and capacities that are often lacking (Eisenack et al.
2014), and the politics and social relations involved in
adaptation decision-making are often more determinant
than the technical considerations of risk and impacts
(Vogel and O’Brien 2006). The lessons from intentional,
planned adaptation now provide significant opportunities
for science to advance understanding of the challenges of
responding to climate information, scenarios, and projections (Eakin and Patt 2011).

3) EVOLUTION AND CHALLENGES IN
VULNERABILITY AND ADAPTATION RESEARCH

Social science perspectives on climatic risk, vulnerability, and adaptation have evolved into a dynamic,
diverse, and highly interdisciplinary field, assuming
prominence in the IPCC’s report and attracting increasing amounts of national and international research
(Roder et al. 2017; Hayden et al. 2017; Gaskin et al.
2017; Schipper and Pelling 2006; Ford et al. 2008;
Berrang-Ford et al. 2011). In an era of unprecedented
environmental change, it is now widely acknowledged
that societies across the globe are both vulnerable to
uncertain and potentially significant impacts and presented with new opportunities. Some scholars have
noted an emergent ‘‘adaptation science’’: a field of both
basic biophysical and socioeconomic research, as well as
an applied science focused on enhancing decisionmaking capacity in the face of deep uncertainty
(Meinke et al. 2009; Moss et al. 2013). Others have
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questioned whether our understanding of vulnerability
and adaptation is yet sufficiently mature to be called a
science in and of itself (e.g., Swart et al. 2014), noting
that many challenges remain in the practice of ‘‘science
for adaptation.’’ Below, we highlight some of these
contemporary challenges and opportunities at the heart
of transdisciplinary human–environment research.
First, while social science research has put forth many
hypotheses on what constitutes an adaptive society, organization, or individual, many if not most of these hypotheses remain relatively untested (Engle and Lemos
2010; Swart et al. 2014). For example, adaptive capacity—
or the attributes of any system, organization or household
that facilitates effective responses to climatic stressors—is
associated with material asset endowments (Yohe and
Tol 2002); access to information, knowledge, and finance
(e.g., Eakin and Bojorquez-Tapia 2008; Speakman 2018);
perception and cognition (Grothmann and Patt 2005;
Marshall 2010; Torres et al. 2018; Doll et al. 2017;
Ambrosio-Albala and Delgado-Serrano 2018; Mkonda
et al. 2018); with identity, cultural processes, and social
relations (e.g., Frank et al. 2011; Torres et al. 2018); and
the broader and dynamic governance and institutional
context in which decisions are made (e.g., Engle and
Lemos 2010; Eakin 2005; Peregrine 2018; Gaskin et al.
2017). Nevertheless, methodological challenges have inhibited rigorous testing of these hypothesized capacity
attributes (Engle 2011). Researchers are still uncertain,
for example, what combination of attributes best enable
adaptive actions, or whether there are some conditions in
which there may be trade-offs among specific attributes
(Engle and Lemos 2010; Eakin et al. 2014; Nelson et al.
2016). There is some emerging evidence that there may
be some attributes—such as a population’s sense of
attachment to place (Halperin and Walton 2018)—that
may encourage adaptation initially but serve as an impediment to more significant change if adapting current
practices becomes unviable (Marshall et al. 2012).
Second, while it is generally assumed that societies
characterized by relatively high human welfare and
well-being will be more adaptive, the correlation between economic development and adaptation is complex. Economists have demonstrated that when viewed
in relation to a population’s economic and material
wealth, the harm produced by climatic shocks and stress
is often far more damaging to low-income populations
than to their wealthy neighbors (e.g., Paolisso et al. 2012;
McNeeley 2017). Natural disasters and chronic exposure
to environmental shocks reduces the capacity for economic stability and growth and exacerbates poverty and
health impacts (Hallegatte et al. 2017; Bedran-Martins
et al. 2018; Githinji and Crane 2014). Others have
challenged the relatively simple narrative concerning
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the relationship of poverty and vulnerability, arguing
that this relationship is conditioned by historical, institutional, and political–economic contexts (Eakin et al.
2014; Nelson et al. 2016; Paolisso et al. 2012; McNeeley
2017). In some places, investing in ‘‘generic’’ capacity
attributes such as education, health, and ‘‘good government’’ may be more important to managing vulnerability than efforts to create insurance markets, early
warning systems, and infrastructure investments to reduce exposure; in other contexts, populations may already have adequate generic capacity attributes and
more attention to managing specific climate risks may be
more critical. Ultimately a balance is needed, and the
public sector has a strong role to play in encouraging
appropriate allocation of resources among generic and
specific capacities (Nelson et al. 2016).
Third, as governments, corporations and other organizations make decisions to reduce vulnerability in the
face of increased climatic risk, it is becoming clear that
‘‘not all adaptations are good ones’’ (Eriksen et al.
2011). While the political nature of adaptation is not by
any means new to social science [see, e.g., the early work
in political ecology and environmental change captured
in Blaikie et al. (1994) or Watts (1983)], in the context of
climate change, adaptation is often presented as an
apolitical, technical, or managerial tool for policy.
Nevertheless, adaptation, like any process of decisionmaking, is embedded in the social and political contexts
in which decisions are being made. Maladaptation—
adaptations that ultimately result in exacerbating vulnerability at some level or for some populations—may
become an increasing issue as populations move forward
to address the challenges of climate change (Barnett and
O’Neill 2010). Scholars have pointed out that in face of
significant uncertainty and unprecedented change, adaptations can fail to reduce vulnerability, or they may
serve some segments of a population but augment risk
for others (Barnett and O’Neill 2010; Eriksen and
Brown 2011; Dilling et al. 2015b). Social scientists have
called for increased scrutiny of what we are labeling
adaptation in society with the goal of making adaptation
reflect the broader ambitions of sustainable development: actions that not only reduce vulnerability but also
enhance social equity and justice (Eriksen and Brown
2011; O’Brien 2012). Adaptation decisions are not only
technical in nature; they are political as well, often reflecting the agendas, priorities, and trajectories of the
more influential actors in any social system (Eriksen
et al. 2015; Manuel-Navarrete and Pelling 2015).
Fourth, social scientists have recognized that to account for the complex temporal and spatial implications
of adaptation choices, theoretical advances are needed
(Nelson et al. 2007). The linear relationship linking
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climate threats to climate perception that ultimately
leads to decision-making and then actions is inadequate
to account for how adaptation, as a dynamic process,
takes place in society. Drawing from complex systems
dynamics and social–ecological resilience, the science of
adaptation has expanded to focus on ‘‘adaptation
pathways’’: trajectories of decision cycles, processes of
experimentation and learning, reflection, and adjustment (Haasnoot et al. 2013). A pathways approach retreats from considering adaptation as a definitive
outcome and situates adaptation in complex system
dynamics in which outcomes are uncertain, surprise is
common, and maladaptation is a reality (Wise et al.
2014). In these contexts, capacities for learning, inclusive governance, and a willingness to reflect on trajectories of change are critical adaptive attributes at the
societal level (Wise et al. 2014). Methodologically, a
complex systems approach to evaluating vulnerability
and adaptation leads to the embrace of dynamic systems
modeling tools and approaches such that unexpected
thresholds, nonlinear system responses, and the potential for maladaptive outcomes can be explored as vehicles for learning (e.g., Fraser et al. 2011). Nevertheless,
measuring and integrating the critical social attributes
that represent vulnerability into such models is challenging. The temporal and spatial resolution of data that
represents salient social indicators—such as institutional
flexibility, inclusive governance, or capacity for learning—
is often absent, or poses challenges to integration with
biophysical data (Preston et al. 2011). Some attributes
such as cultural traits, well-being, and safety are hard to
quantify in a way that fully reflect their role in explaining
vulnerability (Brooks et al. 2005). Social indicators assessed at the system level are often presented as static:
uncertainty concerning their evolution confounds efforts
to combine these with projections of change in biophysical variables over time (Jurgilevicet al. 2017). The
challenge of adequately representing the social dynamics
and complexities in exploratory modeling and climate
scenario research is compounded by the growing recognition that in many, if not most social–ecological systems,
the social dynamics (e.g., human cognition, social and
cultural relations, political processes, institutional structures, and economic trajectories) have a dominant role in
system change (Davidson 2010; Manuel-Navarrete and
Pelling 2015; Eakin et al. 2017).
Fifth, in the face of high uncertainty and considerable
risks associated with not only climate change but economic and political change as well, resilience as a desirable goal has been widely adopted by municipalities
and communities (Meerow and Newell 2016). The
spread of this conceptualization of resilience in the discourse of urban planners and civil society at large

represents an embrace of the challenge of managing risk
and uncertainty at the local level, as well as a societal
shift in recognizing that the status quo is unlikely to
produce sustainable futures. Spurred on by initiatives,
such as the Rockefeller Foundation’s 100 Resilient
Cities program (https://www.rockefellerfoundation.org/
our-work/initiatives/100-resilient-cities/), cities are undertaking resilience plans and embarking on participatory processes to raise awareness and implement
strategies to ensure that communities and cities have the
capacity to recover essential functions following significant, unexpected disturbance. Resiliency planning
is emphasizing new assets in communities, highlighting
ecological processes as the basis for creating green infrastructure solutions and ‘‘ecosystem-based adaptation’’ (Pickett et al. 2004; Childers et al. 2015).
Following insights from institutional analysis, such
planning also is encouraging more decentralized and
participatory governance (Bahadur and Tanner 2014;
Meerow and Newell 2016). As these plans and strategies have been implemented, social scientists have
served as a sounding board, calling attention to the
need for such plans to address social equity (Ahern 2011;
Meerow and Newell 2016). For many populations—
particularly those who are most subjected to the negative
effects of shocks and stress—maintaining existing system
functions and restoring society to ‘‘what it was before’’ is
insufficient. They demand more transformative action,
such that their social and economic conditions will be
improved as cities and communities prepare for and build
back from disasters and shocks. In these cases, asking
‘‘What resilience? For whom? Where? And Why?’’ is
critical (Meerow and Newell 2016).

c. Climate, health, and security
Climate health and security have emerged as strong
foci of social science research with critical areas of application for societal well-being. Within the AMS published research, the connections between weather,
climate, and health were being made as early as the
1960s, with BAMS featuring a few articles at this intersection. It was not until the 1990s—with the growing
understanding that to better understand the problem
climate and weather variables needed to be integrated
with other livelihood and ecosystems stressors—that the
inclusion of social variables expanded. This included
studies on the impact of heat islands, warning systems,
the costs and benefits of different interventions, and the
intersection of climate-related and geophysical factors
(e.g., rainfall, temperature, altitude, glacier melting,
pollutants, and vector and respiratory diseases) and
health (e.g., Kalkstein et al. 1996; Ebi et al. 2004; Kunkel
et al. 1999; Greene et al. 2011; Abdussalam et al. 2014;

Unauthenticated | Downloaded 01/09/23 04:25 AM UTC

26.14

METEOROLOGICAL MONOGRAPHS

Githinji and Crane 2014). Indeed, it is not surprising that
among the areas focusing on the intersection between
climate change and humans, health has a high level of
cross scholarship with other areas of focus within AMS,
especially modeling (e.g., Abdussalam et al. 2014).
While climate security studies are less prominent in
AMS journals, there are a few notable articles focusing
on security (Butke and Sheridan 2010; Gleick 2014;
Malone 2013) and many others that have critical implications to human security in general (e.g., Simmons and
Sutter 2009; Demuth et al. 2012; Cuite et al. 2017).

1) CLIMATE AND HEALTH
The key factors at the intersection of climate and
health are succinctly described by the World Health
Organization (WHO) areas as 1) the indirect effects of
climate change on determinants of health (clean air and
water, food, and shelter), 2) the devastating number of
deaths expected globally in the next few decades (between 2030 and 2050: 250 000 per year from malnutrition,
malaria, diarrhea, and heat stress), and 3) the staggering
costs (2–4 billion U.S. dollars per year by 2030) and disproportionately high impacts on less-developed regions
(WHO: https://www.who.int/news-room/fact-sheets/detail/
climate-change-and-health). Public health and social sciences scholars have led most of the research focusing on
the impact of climate on health, including social drivers of
health risks and social determinants of health, especially
in less-developed regions.
Overall, scholars are increasingly arguing for the need
to understand both the complexity and multiplicity of
natural and social factors that mediate the relationship
between climate and health to inform policy and response. The IPCC Fifth Assessment Report (AR5)
chapter focusing on climate and health highlights three
main sets of factors that directly or indirectly shape the
relationship between climatic change and health: 1) direct
impacts of climate and weather (e.g., heat, cold, and
flooding); 2) ecosystem-mediated impacts (e.g., vectorborne and other infectious diseases such as malaria,
dengue, and West Nile; food- and water-related diarrheal
infections; and health effects of pollutants exposure); and
3) health impacts mediated by human institutions (e.g.,
nutrition and occupational and mental health) (Smith
et al. 2014). Each of these involve diverse and complex
mechanisms, which are often not well understood.
Among interdisciplinary publications that pay substantial attention to climate and health, there is a growing
contribution of the social sciences, primarily in understanding the role of socioeconomic factors in mediating
health effects and building the capacity of different systems (e.g., infrastructure, governance, and risk management) to modulate these effects. Different literatures
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focused on climate and health have increasingly not only
included socioeconomic data in their analyses but also
progressively considered issues related to values, human
rights, equity, and justice. For example, the IPCC AR5
review of this literature finds that there is high confidence
that socioeconomic and demographic factors (e.g., age,
education, and gender) affect the intersection of climate
and health (Smith et al. 2014). Woodward et al. (2011)
argue that one critical limitation for improving projections
of future malaria under different climate scenarios is the
way that these models represent socioeconomic factors
influencing transmission and ability to respond.
Indeed, the literature of climate and health has increasingly focused on understanding the intersection between different social determinants of health (e.g., access to
clean water and air, food security, and shelter) and climate
and weather events, especially in less-developed regions
(e.g., Githinji and Crane 2014). Impacts of projected climate
changes are expected to indirectly affect human health
through the three pillars of food security—availability, access, and utilization of food (Vermeulen et al. 2012),
availability and access to clean freshwater (Vörösmarty
et al. 2000; Watkins et al. 2006), and safety (e.g., conflict,
migration) (Gleick 2014; McMichael et al. 2012).
Similarly, empirical studies examine the intersection of
livelihoods (the resources and assets available to allow
people to live their lives), vulnerability, and health. For
example, there is growing evidence that climate stressors
not only can offset quality-of-life gains (e.g., financial,
educational, and health resources) but can also slow
down future development (Tol 2008; World Bank 2010).
In the drought-ravaged Northeast Region of Brazil,
Bedran-Martins et al. (2018) find that a lack of access to
health is the primary reason that poor agricultural
households perceive that they are ‘‘worse off’’ (i.e., they
are less satisfied with their lives) despite experiencing a
significant spike in their quality-of-life indicators. Few
and Tran (2010), focusing on the relationship between
livelihoods, climate variability, and change in Vietnam,
point to a close relationship between health risks and
poverty-driven vulnerability, and they demonstrate that
addressing health issues for the poor may be more related
to the protection of livelihood and assets than to more
conventional preventive health actions. Beyond the
more commonly assessed health risks linked to climate
changes, Driscoll et al. (2016) find that injuries rise among
Alaskan traditional communities during periods of unseasonable environmental conditions (Driscoll et al.
2016). Climate is also found to negatively affect two
factors related to health in Africa: the ability of children
to learn and their birth weight (Grace et al. 2015).
On the one hand, many of the articles focusing both on
air- and waterborne diseases and climate focus on social
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determinants of health as they examine other factors
that influence sensitivity and susceptibility to diseases,
especially in less-developed regions. Not surprisingly,
many of these scholars point out the close relationship
between vulnerability, adaptation, and health (Githinji
and Crane 2014; Woodward et al. 2011). On the other
hand, some scholars looking at the relationships between climate, adaptation, and development have often
included health variables when assessing vulnerability
(Brooks et al. 2005; Bedran-Martins et al. 2018), and
others have looked for cobenefits between adaptation,
mitigation, and health (Balbus et al. 2014). Still others
suggest specific frameworks to assess adaptation for
health-related issues such as infectious diseases, mortality, and extreme heat (e.g., Declet-Barreto et al. 2016;
Berisha et al. 2017; Ebi et al. 2013; Bélanger et al. 2015).

2) CLIMATE AND SECURITY
The term ‘‘climate security’’ encompasses broad notions at the intersection between climate impacts and
the safety of both human and ecological systems that
depend on them (Adger et al. 2014). Understanding the
relationship between environmental change and safety
and security is not new (Holdren 1991; Lonergan and
Kavanagh 1991; Beck 1992). Socioenvironmental scholars
have defined environmental security broadly as the need
to minimize anthropogenic threats to the integrity of both
social and ecological systems (Barnett 2001). Others have
highlighted the security and spatial implications more directly by defining it as the ‘‘relative public safety from
environmental dangers caused by natural or human processes due to ignorance, accident, mismanagement or design and originating within or across national borders’’
(The Millennium Project: http://107.22.164.43/millennium/
es-2def.html).
In both of these conceptualizations, environmental
security considers a wide range of socioenvironmental
stressors that threaten both natural and human resources.
These implications are made more complex because
many of these natural resources cross national borders
and their scarcity may lead to national security problems
(Malone 2013), including conflict and war (Dellmuth
et al. 2018). Dispute over resources can exacerbate and
act as a threat multiplier for existing negative socioeconomic states such as poverty, stress migration, lack of
democracy, food insecurity, gender inequality, and warfare, especially in less-developed communities and regions (Adger et al. 2014; Sanfo et al. 2017; Rowhani et al.
2011; King and Gulledge 2014; Ransan-Cooper et al.
2015). For example, conflict over transboundary water
resources including placement of infrastructure, spatial
and historical distribution of water, and the potential of
climate events to further exacerbate water availability
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can worsen existing, and create new, conflicts and war
(Gleick 2014; Salehyan and Hendrix 2014). In contrast,
scarcity and unequal distribution of resources can act as a
driver of collaboration and joint governance of resources
(Priscoli and Wolf 2009; Böhmelt et al. 2014).
Moreover, the word ‘‘security’’ has been deployed
both to mean a lack of resources and entitlements (as in
‘‘human security’’) and threats to national security
(Adger et al. 2014). For example, the IPCC chapter focusing on human security defines at least three additional dimensions of human security—economic and
livelihoods, cultural, and migration and mobility—besides
armed conflict (Adger et al. 2014). Each of these meanings
has generated a growing literature in its own right, although theoretical constructs and empirical analyses often
conflate them (Barnett 2003; Smith et al. 2014). For example, on the one hand, analyses of climate security frequently consider livelihood capitals as direct or indirect
drivers of security issues; on the other hand, studies of
vulnerability factor safety and security as predictive variables (Brooks et al. 2005; Malone 2013). A growing literature is focusing on understanding potential relationships
between security and adaptive capacity (Zografos et al.
2014; Lemos et al. 2016; Feitelson and Tubi 2017).
Zografos et al. (2014) argue for three main sources of
human insecurity: lack of democracy, adaptations with
adverse effects, and structural violence often related to
economic growth and state development. Lemos et al.
(2016) suggest that adaptive capacity and water security
are intrinsically linked and thinking of them together in
terms of policy can lead both to the creation of opportunities and better risk management.
Specifically referring to climate-related threats,
scholars have focused both on 1) how climate impacts
may affect resources vital for safety and security (e.g.,
water, food, shelter) (Linke et al. 2015; Raleigh et al.
2015) and 2) how an increase in temperature, precipitation, and extreme events (e.g., drought, flooding,
and heatwaves) may affect people’s safety and potential for violence (Hsiang and Burke 2014). For example, Butke and Sheridan (2010) find a positive
relationship between weather and violent crime in
Ohio. In a review of 50 articles focusing on quantitative
analysis of the relationship between violent conflict
and social–political stability and climatological variables, Hsiang and Burke (2014) find both a causal association between the two worldwide and that the
literature is currently unable to decisively exclude any
proposed pathway. However, historical reconstruction
of climatic change and conflict have found exactly the
opposite, with conflict increasing in colder rather than
in warmer climates (Zhang et al. 2006; Tol and Wagner
2010). Yet other reviews systematically question these
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associations, finding rather that socioeconomic and
political factors serve as the primary explanatory variables (Wischnath and Buhaug 2014).

3) CHALLENGES IN CLIMATE AND WEATHER
SECURITY RESEARCH

The contested nature of this deep division in the literature is partially explained by what scholars believe to
be robust evidence from both sides—that is, whether
there is causal correlation between conflict and climatic
change—and by what many fear could lead to dangerous
outcomes and maladaptation as policy prescriptions
run ahead of current available evidence (Barnett 2009;
Theisen et al. 2013; Adams et al. 2018). In the same
vein, Dewulf (2013) calls attention to how different
frames in policy making can lead to questionable
outcomes. For example, framing climate adaptation in
terms of security may have implications in terms of
scale and response when the ‘‘securitization’’ of climate by different governments is used to support
different political agendas (Dewulf 2013). In Turkey,
so-called adaptation policies have been in actuality biopolitical interventions to secure the uninterrupted circulation of commodities and workers rather than to reduce
root causes of vulnerability (Turhan et al. 2015). In the
academic and political circles of China, the debate around
climate and energy has increasingly been linked to security (Nyman and Zeng 2016).
Many other scholars have questioned these associations not only conceptually (e.g., lack of theorization and
simplification of complex processes at play) but also
methodologically (e.g., sample selection and research
design). Methodologically, the past few years have seen a
rapid proliferation of articles focusing specifically on research design and methods of climate security studies, in
part because of its equity and ethical implications, and
in part because of the lack of consistency across findings (Buhaug 2015; Ide 2017; Nordkvelle et al. 2017;
Adams et al. 2018). In a thorough review of these
methodologies published in 2017, Feitelson and Tubi
(2017) identify large-N statistical analyses and qualitative case studies as the most used approaches in the
field. They also evaluate four emerging approaches: 1)
integration of statistical techniques and qualitative
case studies, 2) field experiment, 3) risk analysis based
on geographical information systems, and 4) qualitative
comparative analysis. The authors advocate for pluralism of approaches to gain a deeper understanding of
the relationship between climatic change and conflict.
Buhaug (2015) lists five main challenges, especially related to the lack of theoretical thinking in the field: 1)
specifying relevant climatic conditions, 2) specifying
causal mechanisms and context, 3) specifying actors and
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agency, 4) specifying social outcome, and 5) justifying the
spatiotemporal domain.
Perhaps the most prominent problem emerging from
this literature is that of sample selection (Oh and
Reuveny 2010; Buhaug 2015; Adams et al. 2018). A recent published review (Adams et al. 2018) focusing
specifically on the issue of sampling confirms many of
the early criticisms by systematically evaluating sampling across many studies. They find that there is
indeed a problem of the ‘‘streetlight effect’’ in existing
research (i.e., sampling biases as a function of convenience in accessing data) and that studies focusing on a
small number of cases often select them on the basis of
the presence of conflict while failing to sample the independent variable (climate impact or risk). Interestingly, they highlight the inability of this literature to
explain peaceful outcomes.
Moreover, scholars warn of a disconnect between the
policy analysis of climate security based on climate
projections and input from the social sciences and call
for integration in a more systemic approach (Lewis and
Lenton 2015). Early on, Liverman (2009) cautioned
against climate determinism and the lack of complexity
in these analyses, and instead advised a more productive
focus on sustainable futures. Similarly, Gemenne et al.
(2014) argue that many analyses overemphasize deterministic mechanisms, despite the high level of complexity involved. They also recommend more and better
input from the social sciences to understand and theorize causes and consequences and the use of established
social science theory (e.g., asymmetrical power relations) to inform research.
Hence, not surprisingly, the science of climate security
remains a challenge not only in terms of understanding
drivers and causal relationships (Buhaug 2015; Adams
et al. 2018), understanding feedbacks, and anticipating
tipping points but also in terms of creating actionable
knowledge that informs governments and other decisionmakers. Other challenges include questions related to how
to prevent and mitigate climatic stressors and impacts in a
systemic and coupled way across social and ecological
systems that takes into consideration 1) present lack of
capacities and capitals that can be mobilized to manage
risk (e.g., income, education, safety, technology, inequality,
access to health and clean water, access to knowledge and
power, and access to land), 2) present and future threats
(e.g., climate change impacts, resource scarcity and pollution, spread of disease, land and water grabbing, political
instability, and political and religious conflict), and 3) the
potential for climate security research to identify opportunities for socioenvironmental sustainability and perhaps
even transformation in the context of socioenvironmental
change.
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4. Conclusions
The role of the social sciences in explaining and contributing to solutions of weather- and climate-related
problems is well established. On the one hand, the rapid
evolution of a robust theoretically and empirically rich
literature focusing on hazards, weather, and climatic
impact and how to avoid, respond, and adapt to them is a
testament to the importance of the many social sciences
disciplines in tackling the challenge of addressing climatic impact. On the other hand, the emergence of
new fields of study and the rapid revolution of interdisciplinary and transdisciplinary approaches to understand and address climatic change speaks to how
much further we need to go to accomplish these goals.
There are many areas within this vast scope that need
more research and empirical evidence, but perhaps the
grandest challenge for all sciences of climate and
weather—but especially for the social sciences—is to
increase their relevance to decision-making and policy
making. After 100 years of the physical and social science of weather and climate, the grand challenge is still
to make it usable and used.
Within AMS, the social sciences have been a recent
addition but have quickly expanded. Yet overall the relatively small contribution of the social sciences to AMS in
terms of publications and influence remains a challenge.
As AMS enters into its second century, social science has
come along with it farther than ever before, but there is still
room for social science to be integrated further within
AMS to meet the challenges of the twenty-first century.
Acknowledgments. The authors thank Alex Foster
and Walker Stinette at the University of Michigan for
their invaluable help with the bibliometric analysis and
literature review database, respectively. We also gratefully acknowledge the support of the National Oceanic
and Atmospheric Administration (NOAA) through
Grants NA15OAR4310148 (Lemos and Worl) and
NA10OAR4310214 (Dilling) and the National Science
Foundation (NSF) through Grant 1414052 (Eakin).

REFERENCES
Abdussalam, A. F., A. J. Monaghan, D. F. Steinhoff, V. M. Dukic,
M. H. Hayden, T. M. Hopson, J. E. Thornes, and G. C.
Leckebusch, 2014: The impact of climate change on meningitis in
northwest Nigeria: An assessment using CMIP5 climate model
simulations. Wea. Climate Soc., 6, 371–379, https://doi.org/
10.1175/WCAS-D-13-00068.1.
Adams, C., T. Ide, J. Barnett, and A. Detges, 2018: Sampling bias in
climate–conflict research. Nat. Climate Change, 8, 200–203,
https://doi.org/10.1038/s41558-018-0068-2.
Adger, W. N., 2006: Vulnerability. Global Environ. Change, 16,
268–281, https://doi.org/10.1016/j.gloenvcha.2006.02.006.

26.17

——, J. Paavola, S. Huq, and M. J. Mace, 2006: Fairness in Adaptation to Climate Change. MIT Press, 319 pp.
——, J. M. Pulhin, J. Barnett, G. D. Dabelko, G. K. Hovelsrud,
M. Levy, U. Oswald Spring, and C. H. Vogel, 2014: Human
security. Climate Change 2014: Impacts, Adaptation, and
Vulnerability, Part A: Global and Sectoral Aspects, C. B. Field
et al., Eds., Cambridge University Press, 755–791.
Agrawala, S., K. Broad, and D. H. Guston, 2001: Integrating climate forecasts and societal decision making: Challenges to an
emergent boundary organization. Sci. Technol. Hum. Values,
26, 454–477, https://doi.org/10.1177/016224390102600404.
Ahern, J., 2011: From fail-safe to safe-to-fail: Sustainability and resilience in the new urban world. Landscape Urban Plann., 100,
341–343, https://doi.org/10.1016/j.landurbplan.2011.02.021.
Ambrosio-Albala, P., and M. M. Delgado-Serrano, 2018: Understanding climate change perception in community-based
management contexts: Perspectives from two indigenous
communities. Wea. Climate Soc., 10, 471–485, https://doi.org/
10.1175/WCAS-D-17-0049.1.
Bahadur, A. V., and T. Tanner, 2014: Policy climates and climate
policies: Analysing the politics of building urban climate
change resilience. Urban Climate, 7, 20–32, https://doi.org/
10.1016/j.uclim.2013.08.004.
Balbus, J. M., J. B. Greenblatt, R. Chari, D. Millstein, and K. L.
Ebi, 2014: A wedge-based approach to estimating health cobenefits of climate change mitigation activities in the United
States. Climatic Change, 127, 199–210, https://doi.org/10.1007/
s10584-014-1262-5.
Barnes, L. R., E. C. Gruntfest, M. H. Hayden, D. M. Schultz, and
C. Benight, 2007: False alarms and close calls: A conceptual
model of warning accuracy. Wea. Forecasting, 22, 1140–1147,
https://doi.org/10.1175/WAF1031.1.
Barnett, J., 2001: The Meaning of Environmental Security: Ecological Politics and Policy in the New Security Era. Zed Books,
184 pp.
——, 2003: Security and climate change. Global Environ. Change,
13, 7–17, https://doi.org/10.1016/S0959-3780(02)00080-8.
——, 2009: The prize of peace (is eternal vigilance): A cautionary
editorial essay on climate geopolitics. Climatic Change, 96, 1–
6, https://doi.org/10.1007/s10584-009-9591-5.
——, and S. O’Neill, 2010: Maladaptation. Global Environ. Change,
20, 211–213, https://doi.org/10.1016/j.gloenvcha.2009.11.004.
Batterbury, S., and T. Forsyth, 1999: Fighting back: Human adaptations in marginal environments. Environ. Sci. Policy Sustainable
Dev, 41, 7–30, https://doi.org/10.1080/00139159909604639.
Bebbington, A., 1999: Capitals and capabilities: A framework for
analyzing peasant viability, rural livelihoods and poverty.
World Dev., 27, 2021–2044, https://doi.org/10.1016/S0305750X(99)00104-7.
Beck, U., 1992: Risk Society: Towards a New Modernity. Sage, 260
pp.
Bedran-Martins, A. M., M. C. Lemos, and A. Phillippi Jr., 2018:
Relationship between subjective well-being and material
quality of life in face of climate vulnerability in NE Brazil.
Climatic Change, 147, 283–297, https://doi.org/10.1007/s10584017-2105-y.
Beier, P., L. J. Hansen, L. Helbrecht, and D. Behar, 2017: A how-to
guide for coproduction of actionable science. Conserv. Lett.,
10, 288–296, https://doi.org/10.1111/conl.12300.
Bélanger, D., B. Abdous, P. Gosselin, and P. Valois, 2015: An
adaptation index to high summer heat associated with adverse
health impacts in deprived neighborhoods. Climatic Change,
132, 279–293, https://doi.org/10.1007/s10584-015-1420-4.

Unauthenticated | Downloaded 01/09/23 04:25 AM UTC

26.18

METEOROLOGICAL MONOGRAPHS

Benight, C. C., E. C. Gruntfest, M. Hayden, and L. Barnes, 2007:
Trauma and short-fuse weather warning perceptions. Environ.
Hazards, 7, 220–226, https://doi.org/10.1016/j.envhaz.2007.07.002.
Berisha, V., and Coauthors, 2017: Assessing adaptation strategies
for extreme heat: A public health evaluation of cooling centers
in Maricopa County, Arizona. Wea. Climate Soc., 9, 71–80,
https://doi.org/10.1175/WCAS-D-16-0033.1.
Berkes, F., J. Colding, and C. Folke, 2000: Rediscovery of traditional
ecological knowledge as adaptive management. Ecol. Appl., 10,
1251–1262, https://doi.org/10.1890/1051-0761(2000)010[1251:
ROTEKA]2.0.CO;2.
Berrang-Ford, L., J. D. Ford, and J. Paterson, 2011: Are we
adapting to climate change? Global Environ. Change, 21, 25–
33, https://doi.org/10.1016/j.gloenvcha.2010.09.012.
Blaikie, P. M., and H. C. Brookfield, 1987: Land Degradation and
Society. Methuen, 296 pp.
——, T. Cannon, I. Davis, and B. Wisner, 1994: At Risk: Natural
Hazards, People’s Vulnerability and Disasters. Routledge, 284 pp.
Böhmelt, T., T. Bernauer, H. Buhaug, N. P. Gleditsch, T. Tribaldos, and
G. Wischnath, 2014: Demand, supply, and restraint: Determinants of
domestic water conflict and cooperation. Global Environ. Change,
29, 337–348, https://doi.org/10.1016/j.gloenvcha.2013.11.018.
Bolson, J., and K. Broad, 2013: Early adoption of climate information: Lessons learned from South Florida water resource
management. Wea. Climate Soc., 5, https://doi.org/10.1175/
WCAS-D-12-00002.1.
Bostrom, A., G. Böhm, and R. E. O’Connor, 2013: Targeting and
tailoring climate change communications. Wiley Interdiscip.
Rev.: Climate Change, 4, 447–455, https://doi.org/10.1002/
wcc.234.
——, Morss, R. E., Lazo, J. K., Demuth, J. L., Lazrus, H., and
Hudson, R. 2016: A mental models study of hurricane forecast
and warning production, communication, and decisionmaking. Wea. Climate Soc., 8, 111–129, https://doi.org/
10.1175/WCAS-D-15-0033.1.
Briley, L., D. Brown, and S. E. Kalafatis, 2015: Overcoming
barriers during the co-production of climate information for
decision-making. Climate Risk Manage., 9, 41–49, https://
doi.org/10.1016/j.crm.2015.04.004.
Broad, K., A. S. P. Pfaff, and M. H. Glantz, 2002: Effective and
equitable dissemination of seasonal-to-interannual climate
forecasts: Policy implications from the Peruvian fishery during
El Niño 1997–98. Climatic Change, 54, 415–438, https://doi.org/
10.1023/A:1016164706290.
——, A. Leiserowitz, J. Weinkle, and M. Steketee, 2007: Misinterpretations of the ‘‘cone of uncertainty’’ in Florida during
the 2004 hurricane season. Bull. Amer. Meteor. Soc., 88, 651–
668, https://doi.org/10.1175/BAMS-88-5-651.
Brooks, N., W. Neil Adger, and P. Mick Kelly, 2005: The determinants
of vulnerability and adaptive capacity at the national level and the
implications for adaptation. Global Environ. Change, 15, 151–163,
https://doi.org/10.1016/j.gloenvcha.2004.12.006.
Brown, B. G., R. W. Katz, and A. H. Murphy, 1986: On the economic
value of seasonal-precipitation forecasts: The fallowing/planting
problem. Bull. Amer. Meteor. Soc., 67, 833–841, https://doi.org/
10.1175/1520-0477(1986)067,0833:OTEVOS.2.0.CO;2.
Buhaug, H., 2015: Climate–conflict research: Some reflections on
the way forward. Wiley Interdiscip. Rev.: Climate Change, 6,
269–275, https://doi.org/10.1002/wcc.336.
Burton, I., G. White, and R. Kates, 1978: Environment as Hazard.
Oxford University Press, 300 pp.
Butke, P., and S. C. Sheridan, 2010: An analysis of the relationship
between weather and aggressive crime in Cleveland, Ohio.

VOLUME 59

Wea. Climate Soc., 2, 127–139, https://doi.org/10.1175/
2010WCAS1043.1.
Cannon, T., 1994: Vulnerability analysis and the explanation of
‘‘natural’’ disasters. Disasters, Development and Environment,
1st ed. A. Varley, Ed., John Wiley and Sons, 14–30.
Cash, D. W., W. C. Clark, F. Alcock, N. M. Dickson, N. Eckley,
D. Guston, J. Jäger, and R. Mitchell, 2003: Knowledge systems
for sustainable development. Proc. Natl. Acad. Sci. USA, 100,
8086–8091, https://doi.org/10.1073/pnas.1231332100.
——, J. C. Borck, and A. G. Patt, 2006: Countering the loadingdock approach to linking science and decision making. Comparative analysis of El Niño/Southern Oscillation (ENSO)
Forecasting systems. Sci. Technol. Hum. Values, 31, 465–494,
https://doi.org/10.1177/0162243906287547.
Changnon, D., and S. A. Changnon, 2010: Major growth in some
business-related uses of climate information. J. Appl. Meteor.
Climatol., 49, 325–331, https://doi.org/10.1175/2009JAMC2234.1.
Changnon, S. A., 2004: Changing uses of climate predictions in
agriculture: Implications for prediction research, providers,
and users. Wea. Forecasting, 19, 606–613, https://doi.org/
10.1175/1520-0434(2004)019,0606:CUOCPI.2.0.CO;2.
——, J. M. Changnon, and D. Changnon, 1995: Uses and applications of climate forecasts for power utilities. Bull. Amer. Meteor. Soc., 76, 711–720, https://doi.org/10.1175/1520-0477
(1995)076,0711:UAAOCF.2.0.CO;2.
——, K. E. Kunkel, and B. C. Reinke, 1996: Impacts and responses
to the 1995 heat wave: A call to action. Bull. Amer. Meteor.
Soc., 77, 1497–1506, https://doi.org/10.1175/1520-0477(1996)
077,1497:IARTTH.2.0.CO;2.
——, R. A. Pielke, D. Changnon, R. T. Sylves, and R. Pulwarty,
2000: Human factors explain the increased losses from
weather and climate extremes. Bull. Amer. Meteor. Soc., 81,
437–442, https://doi.org/10.1175/1520-0477(2000)081,0437:
HFETIL.2.3.CO;2.
Childers, D., M. Cadenasso, J. Grove, V. Marshall, B. McGrath,
and S. Pickett, 2015: An ecology for cities: A transformational
nexus of design and ecology to advance climate change resilience and urban sustainability. Sustainability, 7, 3774, https://
doi.org/10.3390/su7043774.
Cuite, C. L., R. L. Shwom, W. K. Hallman, R. E. Morss, and J. L.
Demuth, 2017: Improving coastal storm evacuation messages.
Wea. Climate Soc., 9, 155–170, https://doi.org/10.1175/WCASD-16-0076.1.
Davidson, D. J., 2010: The applicability of the concept of resilience
to social systems: Some sources of optimism and nagging
doubts. Soc. Nat. Resour., 23, 1135–1149, https://doi.org/
10.1080/08941921003652940.
Declet-Barreto, J., K. Knowlton, G. D. Jenerette, and
A. Buyantuev, 2016: Effects of urban vegetation on mitigating exposure of vulnerable populations to excessive heat
in Cleveland, Ohio. Wea. Climate Soc., 8, 507–524, https://
doi.org/10.1175/WCAS-D-15-0026.1.
Dellmuth, L. M., M.-T. Gustafsson, N. Bremberg, and M. Mobjörk,
2018: Intergovernmental organizations and climate security:
Advancing the research agenda. Wiley Interdiscip. Rev.: Climate Change, 9, e496, https://doi.org/10.1002/wcc.496.
Demuth, J. L., E. Gruntfest, R. E. Morss, S. Drobot, and J. K. Lazo,
2007: WAS*IS: Building a community for integrating meteorology and social science. Bull. Amer. Meteor. Soc., 88, 1729–1738,
https://doi.org/10.1175/BAMS-88-11-1729.
——, J. K. Lazo, and R. E. Morss, 2011: Exploring variations in people’s
sources, uses, and perceptions of weather forecasts. Wea. Climate
Soc., 3, 177–192, https://doi.org/10.1175/2011WCAS1061.1.

Unauthenticated | Downloaded 01/09/23 04:25 AM UTC

CHAPTER 26

LEMOS ET AL.

——, R. E. Morss, B. H. Morrow, and J. K. Lazo, 2012: Creation
and communication of hurricane risk information. Bull.
Amer. Meteor. Soc., 93, 1133–1145, https://doi.org/10.1175/
BAMS-D-11-00150.1.
——, ——, J. K. Lazo, and C. Trumbo, 2016: The effects of past
hurricane experiences on evacuation intentions through
risk perception and efficacy beliefs: A mediation analysis.
Wea. Climate Soc., 8, 327–344, https://doi.org/10.1175/
WCAS-D-15-0074.1.
——, and Coauthors, 2018: ‘‘Sometimes da #beachlife ain’t always
da wave’’: Understanding people’s evolving hurricane risk
communication, risk assessments, and responses using Twitter
narratives. Wea. Climate Soc., 10, 537–560, https://doi.org/
10.1175/WCAS-D-17-0126.1.
Denevan, W. M., 1983: Adaptation, variation, and cultural geography. Prof. Geogr., 35, 399–406, https://doi.org/10.1111/
j.0033-0124.1983.00399.x.
Denton, F., and Coauthors, 2014: Climate-resilient pathways: Adaptation, mitigation, and sustainable development. Climate
Change 2014: Impacts, Adaptation, and Vulnerability, Part A:
Global and Sectoral Aspects, C. B. Field et al., Eds., Cambridge University Press, 1101–1131.
Dewulf, A., 2013: Contrasting frames in policy debates on climate
change adaptation. Wiley Interdiscip. Rev.: Climate Change, 4,
321–330, https://doi.org/10.1002/wcc.227.
Dilling, L. and M. C. Lemos, 2011: Creating usable science: Opportunities and constraints for climate knowledge use and
their implications for science policy. Global Environ. Change,
21, 680–689, https://doi.org/10.1016/j.gloenvcha.2010.11.006.
——, K. Lackstrom, B. Haywood, K. Dow, M. C. Lemos,
J. Berggren, and S. Kalafatis, 2015a: What stakeholder needs
tell us about enabling adaptive capacity: The intersection of
context and information provision across regions in the United
States. Wea. Climate Soc., 7, 5–17, https://doi.org/10.1175/
WCAS-D-14-00001.1.
——, M. E. Daly, W. R. Travis, O. V. Wilhelmi, and R. A. Klein,
2015b: The dynamics of vulnerability: Why adapting to climate
variability will not always prepare us for climate change. Wiley
Interdiscip. Rev.: Climate Change, 6, 413–425, https://doi.org/
10.1002/wcc.341.
Doll, J. E., B. Petersen, and C. Bode, 2017: Skeptical but adapting:
What Midwestern farmers say about climate change. Wea. Climate
Soc., 9, 739–751, https://doi.org/10.1175/WCAS-D-16-0110.1.
Dow, K., and S. L. Cutter, 2002: Emerging hurricane evacuation issues: Hurricane Floyd and South Carolina. Nat. Hazards Rev., 3,
12–18, https://doi.org/10.1061/(ASCE)1527-6988(2002)3:1(12).
——, B. K. Haywood, N. P. Kettle, and K. Lackstrom, 2013: The
role of ad hoc networks in supporting climate change adaptation: A case study from the southeastern United States. Reg.
Environ. Change, 13, 1235–1244, https://doi.org/10.1007/
s10113-013-0440-8.
Driscoll, D. L., E. Mitchell, R. Barker, J. M. Johnston, and S. Renes,
2016: Assessing the health effects of climate change in Alaska
with community-based surveillance. Climatic Change, 137, 455–
466, https://doi.org/10.1007/s10584-016-1687-0.
Eakin, H., 2005: Institutional change, climate risk, and rural vulnerability: Cases from Central Mexico. World Dev., 33, 1923–
1938, https://doi.org/10.1016/j.worlddev.2005.06.005.
——, and A. L. Luers, 2006: Assessing the vulnerability of socialenvironmental systems. Annu. Rev. Environ. Resour., 31, 365–
394, https://doi.org/10.1146/annurev.energy.30.050504.144352.
——, and L. A. Bojorquez-Tapia, 2008: Insights into the composition of household vulnerability from multicriteria decision

26.19

analysis. Global Environ. Change, 18, 112–127, https://doi.org/
10.1016/j.gloenvcha.2007.09.001.
——, and A. Patt, 2011: Are adaptation studies effective, and what
can enhance their practical impact? Wiley Interdiscip. Rev.:
Climate Change, 2, 141–153, https://doi.org/10.1002/wcc.100.
——, M. Lemos, and D. Nelson, 2014: Differentiating capacities as a
means to sustainable climate change adaptation. Global Environ.
Change, 27, 1–8, https://doi.org/10.1016/j.gloenvcha.2014.04.013.
——, and Coauthors, 2017: Opinion: Urban resilience efforts must
consider social and political forces. Proc. Natl. Acad. Sci. USA,
114, 186–189, https://doi.org/10.1073/pnas.1620081114.
Ebi, K. L., T. J. Teisberg, L. S. Kalkstein, L. Robinson, and R. F.
Weiher, 2004: Heat watch/warning systems save lives: Estimated costs and benefits for Philadelphia 1995–98. Bull.
Amer. Meteor. Soc., 85, 1067, https://doi.org/10.1175/
BAMS-85-8-1067.
——, E. Lindgren, J. E. Suk, and J. C. Semenza, 2013: Adaptation to
the infectious disease impacts of climate change. Climatic
Change, 118, 355–365, https://doi.org/10.1007/s10584-012-0648-5.
Eisenack, K., S. C. Moser, E. Hoffman, R. J. T. Klein, and
C. Oberlack, 2014: Explaining and overcoming barriers to
climate change adaptation. Nat. Climate Change, 4, 867–872,
https://doi.org/10.1038/nclimate2350.
Engle, N., 2011: Adaptive capacity and its assessment. Global Environ.
Change, 21, 647–656, https://doi.org/10.1016/j.gloenvcha.2011.01.019.
——, and M. C. Lemos, 2010: Unpacking governance: Building
adaptive capacity to climate change for river basins in Brazil.
Global Environ. Change, 20, 4–13, https://doi.org/10.1016/j.
gloenvcha.2009.07.001.
Eriksen, S., and K. Brown, 2011: Sustainable adaptation to climate
change. Climate Dev., 3, 3–6, https://doi.org/10.3763/cdev.2010.0064.
——, and Coauthors, 2011: When not every response to climate
change is a good one: Identifying principles for sustainable
adaptation. Climate Dev., 3, 7–20, https://doi.org/10.3763/
cdev.2010.0060.
——, A. J. Nightingale, and H. Eakin, 2015: Reframing adaptation: The political nature of climate change adaptation.
Global Environ. Change, 35, 523–533, https://doi.org/
10.1016/j.gloenvcha.2015.09.014.
Feitelson, E., and A. Tubi, 2017: A main driver or an intermediate
variable? Climate change, water and security in the Middle
East. Global Environ. Change, 44, 39–48, https://doi.org/
10.1016/j.gloenvcha.2017.03.001.
Feldman, D. L., and H. M. Ingram, 2009: Making science useful
to decision makers: Climate forecasts, water management,
and knowledge networks. Wea. Climate Soc., 1, 9–21, https://
doi.org/10.1175/2009WCAS1007.1.
——, and Coauthors, 2016: Communicating flood risk: Looking
back and forward at traditional and social media outlets.
Int. J. Disaster Risk Reduct., 15, 43–51, https://doi.org/
10.1016/j.ijdrr.2015.12.004.
Few, R., and P. G. Tran, 2010: Climatic hazards, health risk and
response in Vietnam: Case studies on social dimensions of
vulnerability. Global Environ. Change, 20, 529–538, https://
doi.org/10.1016/j.gloenvcha.2010.02.004.
Fischhoff, B., and D. MacGregor, 1982: Subjective confidence in
forecasts. J. Forecasting, 1, 155–172, https://doi.org/10.1002/
for.3980010203.
Ford, J. D., B. Smit, J. Wandel, M. Allurut, K. Shappa,
H. Ittusarjuat, and K. Qrunnut, 2008: Climate change in the
Arctic: Current and future vulnerability in two Inuit communities in Canada. Geogr. J., 174, 45–62, https://doi.org/10.1111/
j.1475-4959.2007.00249.x.

Unauthenticated | Downloaded 01/09/23 04:25 AM UTC

26.20

METEOROLOGICAL MONOGRAPHS

——, L. Berrang-Ford, and J. Paterson, 2011: A systematic review
of observed climate change adaptation in developed nations.
Climatic Change, 106, 327–336, https://doi.org/10.1007/
s10584-011-0045-5.
Frank, E., H. Eakin, and D. Lopez-Carr, 2011: Social identity,
perception and motivation in adaptation to climate risk in the
coffee sector of Chiapas, Mexico. Global Environ. Change, 21,
66–76, https://doi.org/10.1016/j.gloenvcha.2010.11.001.
Fraser, E. D. G., A. J. Dougill, K. Hubacek, C. H. Quinn,
J. Sendzimir, and M. Termansen, 2011: Assessing vulnerability
to climate change in dryland livelihood systems: conceptual
challenges and interdisciplinary solutions. Ecol. Soc., 16, 3,
https://doi.org/10.5751/ES-03402-160303.
Freberg, K., K. Saling, K. G. Vidoloff, and G. Eosco, 2013: Using
value modeling to evaluate social media messages: The case
of Hurricane Irene. Public Relat. Rev., 39, 185–192, https://
doi.org/10.1016/j.pubrev.2013.02.010.
Gaskin, C. J., D. Taylor, S. Kinnear, J. Mann, W. Hillman, and
M. Moran, 2017: Factors associated with the climate change
vulnerability and the adaptive capacity of people with disability: A systematic review. Wea. Climate Soc., 9, 801–814,
https://doi.org/10.1175/WCAS-D-16-0126.1.
Gemenne, F., J. Barnett, W. N. Adger, and G. D. Dabelko, 2014: Climate
and security: evidence, emerging risks, and a new agenda. Climatic
Change, 123, 1–9, https://doi.org/10.1007/s10584-014-1074-7.
Githinji, V., and T. A. Crane, 2014: Compound vulnerabilities: The
intersection of climate variability and HIV/AIDS in northwestern Tanzania. Wea. Climate Soc., 6, 9–21, https://doi.org/
10.1175/WCAS-D-12-00052.1.
Gladwin, H., J. K. Lazo, B. H. Morrow, W. G. Peacock, and H. E.
Willoughby, 2009: Social science research needs for the hurricane forecast and warning system. Bull. Amer. Meteor. Soc.,
90, 25–29, https://doi.org/10.1175/2008BAMS2606.1.
Glantz, M. H., 1982: Consequences and responsibilities in drought
forecasting: The case of Yakima, 1977. Water Resour. Res., 18,
3–13, https://doi.org/10.1029/WR018i001p00003.
——, and R. W. Katz, 1977: When is a drought a drought? Nature,
267, 192–193, https://doi.org/10.1038/267192a0.
Gleick, P. H., 2014: Water, drought, climate change, and conflict in
Syria. Wea. Climate Soc., 6, 331–340, https://doi.org/10.1175/
WCAS-D-13-00059.1.
Grace, K., F. Davenport, H. Hanson, C. Funk, and S. Shukla, 2015:
Linking climate change and health outcomes: Examining the
relationship between temperature, precipitation and birth
weight in Africa. Global Environ. Change, 35, 125–137, https://
doi.org/10.1016/j.gloenvcha.2015.06.010.
Greene, S., L. S. Kalkstein, D. M. Mills, and J. Samenow, 2011: An
examination of climate change on extreme heat events and
climate-mortality relationships in large U.S. cities. Wea. Climate
Soc., 3, 281–292, https://doi.org/10.1175/WCAS-D-11-00055.1.
Grothmann, T., and A. Patt, 2005: Adaptive capacity and human
cognition: The process of individual adaptation to climate
change. Global Environ. Change, 15, https://doi.org/10.1016/
j.gloenvcha.2005.01.002.
Gruntfest, E., 2018: Weather and Society: Toward Integrated Approaches. Wiley-Blackwell, 232 pp.
Guido, Z., V. Rountree, C. Greene, A. Gerlak, and A. Trotman,
2016: Connecting climate information producers and users:
Boundary organizations, knowledge networks, and information
brokers at Caribbean Climate Outlook Forums. Wea. Climate
Soc., 8, 285–298, https://doi.org/10.1175/WCAS-D-15-0076.1.
Haasnoot, M., J. H. Kwakkel, W. E. Walker, and J. ter Maat, 2013:
Dynamic adaptive policy pathways: A method for crafting robust

VOLUME 59

decisions for a deeply uncertain world. Global Environ. Change,
23, 485–498, https://doi.org/10.1016/j.gloenvcha.2012.12.006.
Hallegatte, S., A. Vogt-Schilb, M. Bangalore, and J. Rosenzberg,
2017: Unbreakable: Building the Resilience of the Poor in the
Face of Natural Disasters. World Bank, 198 pp.
Halperin, A., and P. Walton, 2018: The importance of place in
communicating climate change to different facets of the
American public. Wea. Climate Soc., 10, 291–305, https://doi.org/
10.1175/WCAS-D-16-0119.1.
Hammer, G., 1994: The use of seasonal forecasts in crop management. Agric. Syst. Inf. Technol., 6 (2), 42–44.
Hayden, M. H., S. Drobot, S. Radil, C. Benight, E. Gruntfest, and
L. Barnes, 2007: Information sources for flash flood warnings
in Denver, CO and Austin, TX. Environ. Hazards, 7, 211–219,
https://doi.org/10.1016/j.envhaz.2007.07.001.
——, and Coauthors, 2017: Adaptive capacity to extreme heat: Results from a household survey in Houston, Texas. Wea. Climate
Soc., 9, 787–799, https://doi.org/10.1175/WCAS-D-16-0125.1.
Hewitt, K., Ed., 1983: Interpretations of Calamity. Allen and Unwin, 304 pp.
Hoekstra, S., K. Klockow, R. Riley, J. Brotzge, H. Brooks, and
S. Erickson, 2011: A preliminary look at the social perspective
of Warn-on-Forecast: Preferred tornado warning lead time and
the general public’s perceptions of weather risks. Wea. Climate
Soc., 3, 128–140, https://doi.org/10.1175/2011WCAS1076.1.
Holdren, J. P., 1991: Population and the energy problem. Population
Environ., 12, 231–255, https://doi.org/10.1007/BF01357916.
Hsiang, S. M., and M. Burke, 2014: Climate, conflict, and social
stability: What does the evidence say? Climatic Change, 123,
39–55, https://doi.org/10.1007/s10584-013-0868-3.
Ide, T., 2017: Research methods for exploring the links between
climate change and conflict. Wiley Interdiscip. Rev.: Climate
Change, 8, e456, https://doi.org/10.1002/wcc.456.
Janssen, M. A., M. L. Schoon, W. Ke, and K. Börner, 2006:
Scholarly networks on resilience, vulnerability and adaptation
within the human dimensions of global environmental change.
Global Environ. Change, 16, 240–252, https://doi.org/10.1016/
j.gloenvcha.2006.04.001.
Joslyn, S. L., and R. M. Nichols, 2009: Probability or frequency?
Expressing forecast uncertainty in public weather forecasts.
Meteor. Appl., 16, 309–314, https://doi.org/10.1002/met.121.
Judkins, G., M. Smith, and E. Keys, 2008: Determinism within
human-environment research and the rediscovery of environmental causation. Geogr. J., 174, 17–29, https://doi.org/
10.1111/j.1475-4959.2008.00265.x.
Jurgilevich, A., A. Räsänen, F. Groundstroem, and S. Juhola, 2017:
A systematic review of dynamics in climate risk and vulnerability assessments. Environ. Res. Lett., 12, 013002, https://doi.org/
10.1088/1748-9326/aa5508.
Kalafatis, S. E., A. Grace, and E. Gibbons, 2015a: Making climate
science accessible in Toledo: The linked boundary chain approach. Climate Risk Manage., 9, 30–40, https://doi.org/
10.1016/j.crm.2015.04.003.
——, M. C. Lemos, Y.-J. Lo, and K. A. Frank, 2015b: Increasing information usability for climate adaptation: The role
of knowledge networks and communities of practice.
Global Environ. Change, 32, 30–39, https://doi.org/10.1016/
j.gloenvcha.2015.02.007.
Kalkstein, L. S., P. F. Jamason, J. S. Greene, J. Libby, and
L. Robinson, 1996: The Philadelphia hot weather–health watch
warning system: Development and application, summer 1995.
Bull. Amer. Meteor. Soc., 77, 1519–1528, https://doi.org/10.1175/
1520-0477(1996)077,1519:TPHWHW.2.0.CO;2.

Unauthenticated | Downloaded 01/09/23 04:25 AM UTC

CHAPTER 26

LEMOS ET AL.

Kasperson, R. E., O. Renn, P. Slovic, H. S. Brown, J. Emel,
R. Goble, J. X. Kasperson, and S. Ratick, 1988: The social
amplification of risk: A conceptual framework. Risk Anal., 8,
177–187, https://doi.org/10.1111/j.1539-6924.1988.tb01168.x.
Katz, R. W., and M. H. Glantz, 1986: Anatomy of a rainfall index.
Mon. Wea. Rev., 114, 764–771, https://doi.org/10.1175/15200493(1986)114,0764:AOARI.2.0.CO;2.
Kettle, N. P., and S. F. Trainor, 2015: The role of remote engagement in supporting boundary chain networks across
Alaska. Climate Risk Manage., 9, 6–19, https://doi.org/
10.1016/j.crm.2015.06.006.
King, M. D., and J. Gulledge, 2014: Climate change and energy
security: an analysis of policy research. Climatic Change, 123,
57–68, https://doi.org/10.1007/s10584-013-0895-0.
Klein, R. J. T., and D. C. Maciver, 1999: Adaptation to climate
variability and change: Methodological issues. Mitig. Adapt.
Strategies Global Change, 4, 189–198, https://doi.org/10.1023/
A:1009690729283.
Klockow, K. E., R. A. Peppler, and R. A. McPherson, 2014: Tornado
folk science in Alabama and Mississippi in the 27 April 2011
tornado outbreak. GeoJournal, 79, 791–804, https://doi.org/
10.1007/s10708-013-9518-6.
Kruk, M. C., B. Parker, J. J. Marra, K. Werner, R. Heim,
R. Vose, and P. Malsale, 2017: Engaging with users of climate information and the coproduction of knowledge. Wea.
Climate Soc., 9, 839–849, https://doi.org/10.1175/WCAS-D16-0127.1.
Kunkel, K. E., R. A. Pielke, and S. A. Changnon, 1999: Temporal
fluctuations in weather and climate extremes that cause economic and human health impacts: A review. Bull. Amer. Meteor. Soc., 80, 1077–1098, https://doi.org/10.1175/1520-0477
(1999)080,1077:TFIWAC.2.0.CO;2.
Lazo, J. K., A. Bostrom, R. E. Morss, J. L. Demuth, and H. Lazrus,
2015: Factors affecting hurricane evacuation intentions. Risk
Anal., 35, 1837–1857, https://doi.org/10.1111/risa.12407.
Lazrus, H., R. E. Morss, J. L. Demuth, J. K. Lazo, and A. Bostrom,
2016: ‘‘Know what to do if you encounter a flash flood’’:
Mental models analysis for improving flash flood risk communication and public decision making. Risk Anal., 36, 411–
427, https://doi.org/10.1111/risa.12480.
Lemos, M. C., and B. Morehouse, 2005: The co-production of science
and policy in integrated climate assessments. Global Environ.
Change, 15, 57–68, https://doi.org/10.1016/j.gloenvcha.2004.09.004.
——, and L. Dilling, 2007: Equity in forecasting climate: Can science save the world’s poor? Sci. Public Policy, 34, 109–116,
https://doi.org/10.3152/030234207X190964.
——, C. Kirchhoff, and V. Ramparasad, 2012: Narrowing the climate information usability gap. Nat. Climate Change, 2, 789–
794, https://doi.org/10.1038/nclimate1614.
——, C. J. Kirchhoff, S. E. Kalafatis, D. Scavia, and R. B. Rood, 2014:
Moving climate information off the shelf: Boundary chains and
the role of RISAs as adaptive organizations. Wea. Climate Soc.,
6, 273–285, https://doi.org/10.1175/WCAS-D-13-00044.1.
——, D. Manuel-Navarrete, B. L. Willems, R. D. Caravantes, and
R. G. Varady, 2016: Advancing metrics: Models for understanding adaptive capacity and water security. Curr.
Opin. Environ. Sustainability, 21, 52–57, https://doi.org/
10.1016/j.cosust.2016.11.004.
——, and Coauthors, 2018: To co-produce or not to co-produce. Nature
Sustainability, 1, 722–724, https://doi.org/10.1038/s41893-018-0191-0.
Letson, D., D. S. Sutter, and J. K. Lazo, 2007: Economic value of hurricane
forecasts: An overview and research needs. Nat. Hazards Rev., 8, 78–
86, https://doi.org/10.1061/(ASCE)1527-6988(2007)8:3(78).

26.21

Lewis, K. H., and T. M. Lenton, 2015: Knowledge problems in
climate change and security research. Wiley Interdiscip. Rev.:
Climate Change, 6, 383–399, https://doi.org/10.1002/wcc.346.
Linke, A. M., J. O’Loughlin, J. T. McCabe, J. Tir, and F. D. W.
Witmer, 2015: Rainfall variability and violence in rural Kenya:
Investigating the effects of drought and the role of local institutions with survey data. Global Environ. Change, 34, 35–
47, https://doi.org/10.1016/j.gloenvcha.2015.04.007.
Liverman, D., 1990: Drought impacts in Mexico: Climate, agriculture, technology and land tenure in Sonora and Puebla.
Ann. Assoc. Amer. Geogr., 80, 49–72, https://doi.org/10.1111/
j.1467-8306.1990.tb00003.x.
——, 2009: The geopolitics of climate change: Avoiding determinism, fostering sustainable development. Climatic
Change, 96, 7–11, https://doi.org/10.1007/s10584-009-9638-7.
Lonergan, S., and B. Kavanagh, 1991: Climate change, water resources and security in the Middle East. Global Environ. Change,
1, 272–290, https://doi.org/10.1016/0959-3780(91)90055-X.
Lövbrand, E., 2011: Co-producing European climate science and
policy: a cautionary note on the making of useful knowledge.
Sci. Public Policy, 38, 225–236, https://doi.org/10.3152/
030234211X12924093660516.
Lynch, A. H., L. Tryhorn, R. Abramson, A. H. Lynch, L. Tryhorn,
and R. Abramson, 2008: Working at the boundary: Facilitating
interdisciplinarity in climate change adaptation research. Bull.
Amer. Meteor. Soc., 89, 169–179, https://doi.org/10.1175/
BAMS-89-2-169.
Malone, E. L., 2013: Climate change and national security. Wea. Climate Soc., 5, 93–95, https://doi.org/10.1175/WCAS-D-12-00016.1.
Manuel-Navarrete, D., and M. Pelling, 2015: Subjectivity and the
politics of transformation in response to development and
environmental change. Global Environ. Change, 35, 558–569,
https://doi.org/10.1016/j.gloenvcha.2015.08.012.
Marshall, N. A., 2010: Understanding social resilience to climate variability in primary enterprises and industries.
Global Environ. Change, 20, 36–43, https://doi.org/10.1016/
j.gloenvcha.2009.10.003.
——, S. E. Park, W. N. Adger, K. Brown, and S. M. Howden, 2012:
Transformational capacity and the influence of place and
identity. Environ. Res. Lett., 7, 034022, https://doi.org/10.1088/
1748-9326/7/3/034022.
McKenzie Hedger, M., R. Connell, and P. Bramwell, 2006:
Bridging the gap: Empowering decision-making for adaptation through the UK Climate Impacts Programme. Climate
Policy, 6, 201–215, https://doi.org/10.3763/cpol.2006.0611.
McMichael, C., J. Barnett, and A. J. McMichael, 2012: An ill wind?
Climate change, migration, and health. Environ. Health Perspect., 120, 646–654, https://doi.org/10.1289/ehp.1104375.
McNeeley, S. M., 2017: Sustainable climate change adaptation in
Indian Country. Wea. Climate Soc., 9, 393–404, https://doi.org/
10.1175/WCAS-D-16-0121.1.
McNie, E. C., 2007: Reconciling the supply of scientific information
with user demands: An analysis of the problem and review of
the literature. Environ. Sci. Policy, 10, 17–38, https://doi.org/
10.1016/j.envsci.2006.10.004.
——, 2008: Co-producing useful climate science for policy: Lessons
from the RISA Program. Ph.D. dissertation, University of
Colorado Boulder, 293 pp., https://pqdtopen.proquest.com/
doc/304639742.html?FMT5AI.
——, 2013: Delivering climate services: Organizational strategies
and approaches for producing useful climate-science information. Wea. Climate Soc., 5, 14–26, https://doi.org/10.1175/
WCAS-D-11-00034.1.

Unauthenticated | Downloaded 01/09/23 04:25 AM UTC

26.22

METEOROLOGICAL MONOGRAPHS

——, A. Parris, and D. Sarewitz, 2016: Improving the public value
of science: A typology to inform discussion, design and implementation of research. Res. Policy, 45, 884–895, https://
doi.org/10.1016/j.respol.2016.01.004.
Meadow, A. M., D. B. Ferguson, Z. Guido, A. Horangic, G. Owen,
and T. Wall, 2015: Moving toward the deliberate coproduction
of climate science knowledge. Wea. Climate Soc., 7, 179–191,
https://doi.org/10.1175/WCAS-D-14-00050.1.
Meehan, K., N. L. Klenk, and F. Mendez, 2017: The geopolitics of
climate knowledge mobilization: Transdisciplinary research at the
science–policy interface(s) in the Americas. Sci. Technol. Hum.
Values, 43, 759–784, https://doi.org/10.1177/0162243917745601.
Meerow, S., and J. P. Newell, 2016: Urban resilience for whom,
what, when, where, and why? Urban Geogr., https://doi.org/
10.1080/02723638.2016.1206395.
Meinke, H., S. M. Howden, P. C. Struik, R. Nelson, D. Rodriguez,
and S. C. Chapman, 2009: Adaptation science for agriculture
and natural resource management—Urgency and theoretical
basis. Curr. Opin. Environ. Sustainability, 1, 69–76, https://doi.org/
10.1016/j.cosust.2009.07.007.
Meyer, R., S. McAfee, and E. Whiteman, 2015: How California is
mobilizing boundary chains to integrate science, policy and
management for changing ocean chemistry. Climate Risk
Manage., 9, 50–61, https://doi.org/10.1016/j.crm.2015.04.002.
Mkonda, M. Y., X. He, and E. S. Festin, 2018: Comparing smallholder farmers’ perception of climate change with meteorological data: Experience from seven agroecological zones of
Tanzania. Wea. Climate Soc., 10, 435–452, https://doi.org/
10.1175/WCAS-D-17-0036.1.
Montz, B. E., and E. Gruntfest, 2002: Flash flood mitigation: Recommendations for research and applications. Global Environ.
Change, 4B, 15–22, https://doi.org/10.1016/S1464-2867(02)00011-6.
Morss, R. E., O. V. Wilhelmi, M. W. Downton, and E. Gruntfest,
2005: Flood risk, uncertainty, and scientific information for
decision making: Lessons from an interdisciplinary project.
Bull. Amer. Meteor. Soc., 86, 1593–1602, https://doi.org/
10.1175/BAMS-86-11-1593.
——, J. L. Demuth, and J. K. Lazo, 2008a: Communicating uncertainty
in weather forecasts: A survey of the U.S. public. Wea. Forecasting, 23, 974–991, https://doi.org/10.1175/2008WAF2007088.1.
——, J. K. Lazo, B. G. Brown, H. E. Brooks, P. T. Ganderton, and
B. N. Mills, 2008b: Societal and economic research and applications for weather forecasts: Priorities for the North
American THORPEX Program. Bull. Amer. Meteor. Soc., 89,
335–346, https://doi.org/10.1175/BAMS-89-3-335.
——, and Coauthors, 2017: Hazardous weather prediction and
communication in the modern information environment. Bull.
Amer. Meteor. Soc., 98, 2653–2674, https://doi.org/10.1175/
BAMS-D-16-0058.1.
Mortimore, M., 1989: Adapting to Drought: Farmers, Famines and
Desertification in West Africa. Cambridge University Press,
299 pp.
Moser, S., and L. Dilling, 2011: Communicating climate change:
Closing the science–action gap. The Oxford Handbook of
Climate Change and Society, J. S. Dryzek, R. B. Norgaard, and
D. Schlosberg, Eds., Oxford University Press, 161–176, https://
doi.org/10.1093/oxfordhb/9780199566600.003.0011.
Moss, R. H., and Coauthors, 2013: Hell and high water: Practicerelevant adaptation science. Science, 342, 696–698, https://
doi.org/10.1126/science.1239569.
Murphy, A. H., and B. G. Brown, 1984: A comparative evaluation of
objective and subjective weather forecasts in the United States.
J. Forecasting, 3, 369–393, https://doi.org/10.1002/for.3980030402.

VOLUME 59

——, S. Lichtenstein, B. Fischhoff, and R. L. Winkler, 1980:
Misinterpretations of precipitation probability forecasts.
Bull. Amer. Meteor. Soc., 61, 695–701, https://doi.org/
10.1175/1520-0477(1980)061,0695:MOPPF.2.0.CO;2.
NAS, 2018: Integrating Social and Behavioral Sciences within the
Weather Enterprise. National Academies Press, 198 pp.,
https://doi.org/10.17226/24865.
Nelson, D. R., W. N. Adger, and K. Brown, 2007: Adaptation to
environmental change: Contributions of a resilience framework. Annu. Rev. Environ. Resour., 32, 395–419, https://doi.org/
10.1146/annurev.energy.32.051807.090348.
——, M. C. Lemos, H. Eakin, and Y. Lo, 2016: The limits of poverty
reduction in support of climate change adaptation. Environ.
Res. Lett., 11, https://doi.org/10.1088/1748-9326/11/9/094011.
Netting, R., 1993: Smallholders, Householders: Farm Families and
the Ecology of Intensive, Sustainable Agriculture. Stanford
University Press, 389 pp.
Nisbet, M. C., 2009: Communicating climate change: Why frames
matter for public engagement. Environ. Sci. Policy Sustainable
Dev., 51 (2), 12–23, https://doi.org/10.3200/ENVT.51.2.12-23.
Nordkvelle, J., S. A. Rustad, and M. Salmivalli, 2017: Identifying
the effect of climate variability on communal conflict through
randomization. Climatic Change, 141, 627–639, https://doi.org/
10.1007/s10584-017-1914-3.
NRC, 2006a: Completing the Forecast: Characterizing and Communicating Uncertainty for Better Decisions Using Weather
and Climate Forecasts. National Academies Press, 124 pp.,
https://doi.org/10.17226/11699.
——, 2006b: Knowledge-Action Systems for Seasonal-to-Interannual
Forecasting: Summary of a Workshop. National Academies
Press, 44 pp., https://doi.org/10.17226/11204.
——, 2009a: Informing Decisions in a Changing Climate. National
Academies Press, 200 pp., https://doi.org/10.17226/12626.
——, 2009b: Restructuring Federal Climate Research to Meet the
Challenges of Climate Change. National Academies Press, 266
pp., https://doi.org/10.17226/12595.
——, 2010: Advancing the Science of Climate Change. National
Academies Press, 526 pp., https://doi.org/10.17226/12782.
——, 2013: Climate and Social Stress: Implications for Security
Analysis. National Academies Press, 252 pp., https://doi.org/
10.17226/14682.
Nyman, J., and J. Zeng, 2016: Securitization in Chinese climate and
energy politics. Wiley Interdiscip. Rev.: Climate Change, 7,
301–313, https://doi.org/10.1002/wcc.387.
O’Brien, K., 2012: Global environmental change II: From adaptation to deliberate transformation. Prog. Hum. Geogr., 36,
667–676, https://doi.org/10.1177/0309132511425767.
——, and R. M. Leichenko, 2000: Double exposure: Assessing the
impacts of climate change within the context of economic
globalization. Global Environ. Change, 10, 221–232, https://
doi.org/10.1016/S0959-3780(00)00021-2.
——, and ——, 2003: Winners and losers in the context of global
change. Ann. Assoc. Amer. Geogr., 93, 89–103, https://doi.org/
10.1111/1467-8306.93107.
——, S. Eriksen, L. P. Nygaard, and A. Schjolden, 2007: Why different interpretations of vulnerability matter in climate
change discourses. Climate Policy, 7, 73–88, https://doi.org/
10.3763/cpol.2007.0706.
Oh, C. H., and R. Reuveny, 2010: Climatic natural disasters, political risk, and international trade. Global Environ. Change,
20, 243–254, https://doi.org/10.1016/j.gloenvcha.2009.11.005.
Orlove, B. S., K. Broad, and A. M. Petty, 2004: Factors that influence the use of climate forecasts: Evidence from the 1997/98

Unauthenticated | Downloaded 01/09/23 04:25 AM UTC

CHAPTER 26

LEMOS ET AL.

El Niño event in Peru. Bull. Amer. Meteor. Soc., 85, 1735–
1744, https://doi.org/10.1175/BAMS-85-11-1735.
Ostrom, E., 1990: Governing the Commons. Cambridge University
Press, 280 pp.
Paolisso, M., E. Douglas, A. Enrici, P. Kirshen, C. Watson, and
M. Ruth, 2012: Climate change, justice, and adaptation among
African American communities in the Chesapeake Bay Region.
Wea. Climate Soc., 4, 34–47, https://doi.org/10.1175/WCAS-D11-00039.1.
Patt, A. G., L. Ogallo, and M. Hellmuth, 2007: Sustainability:
Learning from 10 years of climate outlook forums in Africa.
Science, 318, 49–50, https://doi.org/10.1126/science.1147909.
Peet, R., 1985: The social origins of environmental determinism.
Ann. Assoc. Amer. Geogr., 75, 309–333, https://doi.org/
10.1111/j.1467-8306.1985.tb00069.x.
Peregrine, P. N., 2018: Social resilience to climate-related disasters
in ancient societies: A test of two hypotheses. Wea. Climate
Soc., 10, 145–161, https://doi.org/10.1175/WCAS-D-17-0052.1.
Persson, O., R. Danell, and J. Wiborg Schneider, 2009: How to use
BibExcel for various types of bibliometric analysis. Celebrating Scholarly Communication Studies: A Festschrift for Olle
Persson at His 60th Birthday. F. Åström et al., Eds., International Society for Scientometrics and Informetrics, 9–24.
Phillips, B. D., and B. H. Morrow, 2007: Social science research
needs: Focus on vulnerable populations, forecasting, and
warnings. Nat. Hazards Rev., 8, 61–68, https://doi.org/10.1061/
(ASCE)1527-6988(2007)8:3(61).
Pickett, S. T. A., M. L. Cadenasso, and J. M. Grove, 2004: Resilient cities:
Meaning, models, and metaphor for integrating the ecological,
socio-economic, and planning realms. Landscape Urban Plann., 69,
369–384, https://doi.org/10.1016/j.landurbplan.2003.10.035.
Pielke, R. A., Jr., 2007a: Future economic damage from tropical
cyclones: sensitivities to societal and climate changes. Philos.
Trans. Roy. Soc., 365A, 2717–2729, https://doi.org/10.1098/
rsta.2007.2086.
——, 2007b: The Honest Broker: Making Sense of Science in Policy
and Politics. Cambridge University Press, 198 pp.
Preston, B. L., E. J. Yuen, and R. M. Westaway, 2011: Putting
vulnerability to climate change on the map: A review of approaches, benefits, and risks. Sustainability Sci., 6, 177–202,
https://doi.org/10.1007/s11625-011-0129-1.
Priscoli, J. D., and A. T. Wolf, 2009: Managing and Transforming
Water Conflicts. Cambridge University Press, 354 pp.
Prokopy, L. S., J. S. Carlton, T. Haigh, M. C. Lemos, A. S. Mase, and
M. Widhalm, 2017: Useful to usable: Developing usable climate
science for agriculture. Climate Risk Manage., 15, 1–7, https://
doi.org/10.1016/j.crm.2016.10.004.
Pulwarty, R. S., and T. S. Melis, 2001: Climate extremes and
adaptive management on the Colorado River: Lessons from
the 1997–1998 ENSO event. J. Environ. Manage., 63, 307–324,
https://doi.org/10.1006/jema.2001.0494.
——, and M. V. K. Sivakumar, 2014: Information systems in a
changing climate: Early warnings and drought risk management. Wea. Climate Extremes, 3, 14–21, https://doi.org/
10.1016/j.wace.2014.03.005.
Raleigh, C., H. J. Choi, and D. Kniveton, 2015: The devil is in the
details: An investigation of the relationships between conflict,
food price and climate across Africa. Global Environ. Change,
32, 187–199, https://doi.org/10.1016/j.gloenvcha.2015.03.005.
Ransan-Cooper, H., C. Farbotko, K. E. McNamara, F. Thornton,
and E. Chevalier, 2015: Being(s) framed: The means and ends
of framing environmental migrants. Global Environ. Change,
35, 106–115, https://doi.org/10.1016/j.gloenvcha.2015.07.013.

26.23

Ripberger, J. T., C. L. Silva, H. C. Jenkins-Smith, and M. James,
2015: The influence of consequence-based messages on public
responses to tornado warnings. Bull. Amer. Meteor. Soc., 96,
577–590, https://doi.org/10.1175/BAMS-D-13-00213.1.
Roberts, J. T., and B. Parks, 2006: A Climate of Injustice: Global
Inequality, North-South Politics, and Climate Policy. MIT
Press, 424 pp.
Roder, G., G. Sofia, Z. Wu, and P. Tarolli, 2017: Assessment of
social vulnerability to floods in the floodplain of northern
Italy. Wea. Climate Soc., 9, 717–737, https://doi.org/10.1175/
WCAS-D-16-0090.1.
Roncoli, C., K. Ingram, and P. Kirshen, 2002: Reading the rains:
Local knowledge and rainfall forecasting among farmers of
Burkina Faso. Soc. Nat. Resour., 15, 409–427, https://doi.org/
10.1080/08941920252866774
Ropelewski, C. F., and M. S. Halpert, 1987: Global and regional scale
precipitation patterns associated with the El Niño/Southern
Oscillation. Mon. Wea. Rev., 115, 1606–1626, https://doi.org/
10.1175/1520-0493(1987)115,1606:GARSPP.2.0.CO;2.
Rowhani, P., O. Degomme, D. Guha-Sapir, and E. F. Lambin,
2011: Malnutrition and conflict in East Africa: the impacts of
resource variability on human security. Climatic Change, 105,
207–222, https://doi.org/10.1007/s10584-010-9884-8.
Ruin, I., J. C. Gaillard, and C. Lutoff, 2007: How to get there?
Assessing motorists’ flash flood risk perception on daily itineraries. Environ. Hazards, 7, 235–244, https://doi.org/10.1016/
j.envhaz.2007.07.005.
Salehyan, I., and C. S. Hendrix, 2014: Climate shocks and political
violence. Global Environ. Change, 28, 239–250, https://doi.org/
10.1016/j.gloenvcha.2014.07.007.
Sanfo, S., W. M. Fonta, U. J. Diasso, M. P. Nikiéma, J. P. Lamers, and
J.E. Tondoh, 2017: Climate- and environment-induced intervillage
migration in southwest Burkina Faso, West Africa. Wea. Climate
Soc., 9, 823–837, https://doi.org/10.1175/WCAS-D-16-0065.1.
Sarewitz, D., and R. A. Pielke, Jr., 2000: Breaking the globalwarming gridlock. Atlantic, 286, 54–64.
——, and ——, 2007: The neglected heart of science policy: Reconciling supply of and demand for science. Environ. Sci. Policy, 10, 5–16, https://doi.org/10.1016/j.envsci.2006.10.001.
Schipper, E. L. F., 2006: Conceptual history of adaptation in the
UNFCCC process. Reciel, 15, 82–92, https://doi.org/10.1111/
j.1467-9388.2006.00501.x.
Schipper, E.L. F., and M. Pelling, 2006: Disaster risk, climate
change and international development: Scope for, and challenges to, integration. Disasters, 30, 19–38, https://doi.org/
10.1111/j.1467-9523.2006.00304.x.
Sen, A., 1981: Poverty and Famines: An Essay on Entitlement and
Deprivation. Clarendon Press, 270 pp.
Simmons, K. M., and D. Sutter, 2009: False alarms, tornado
warnings, and tornado casualties. Wea. Climate Soc., 1, 38–53,
https://doi.org/10.1175/2009WCAS1005.1.
Simon, H., 1955: A behavioral model of rational choice. Quart.
J. Econ., 69, 99–118, https://doi.org/10.2307/1884852.
Slovic, P., 1987: Perception of risk. Science, 236, 280–285, https://
doi.org/10.1126/science.3563507.
——, B. Fischhoff, and S. Lichtenstein, 1981: Perceived risk: Psychological factors and social implications. Proc. Roy. Soc.
London, 376A, 17–34, https://doi.org/10.1098/rspa.1981.0073.
Smit, B., I. Burton, R. J. T. Klein, and R. Street, 1999: The science of
adaptation: A framework for assessment. Mitig. Adapt. Strategies
Global Change, 4, 199, https://doi.org/10.1023/A:1009652531101.
Smith, K. R., and Coauthors, 2014: Human health: Impacts, adaptation, and co-benefits. Climate Change 2014: Impacts, Adaptation,

Unauthenticated | Downloaded 01/09/23 04:25 AM UTC

26.24

METEOROLOGICAL MONOGRAPHS

and Vulnerability, Part A: Global and Sectoral Aspects, C. B.
Field et al., Eds., Cambridge University Press, 709–754.
Solot, M., 1986: Carl Sauer and cultural evolution. Ann. Assoc.
Amer. Geogr., 76, 508–520, https://doi.org/10.1111/j.14678306.1986.tb00133.x.
Spanger-Siegfried, E., B. Dougherty, T. Downing, M. Hellmuth, U.
Hoeggel, A. Klaey, and K. Lonsdale, 2004: User’s guidebook.
Adaptation Policy Frameworks for Climate Change: Developing Strategies, Policies and Measures. B. Lim et al.,
Eds., Cambridge University Press, 258 pp., https://www.
adaptation-undp.org/sites/default/files/downloads/adaptation_
policy_frameworks_for_climate_change_-_developing_strategies_
policies_and_measures_0.pdf.
Speakman, D., 2018: Growing at the margins: Adaptation to severe weather in the marginal lands of the British Isles. Wea.
Climate Soc., 10, 121–136, https://doi.org/10.1175/WCAS-D16-0113.1.
Stern P. S., Young O. R., and D. Druckman, Eds., 1992: Global
Environmental Change: Understanding the Human Dimensions. National Academies Press, 308 pp.
Stewart, T., R. W. Katz, and A. H. Murphy, 1984: Value of weather
information: A descriptive study of the fruit-frost problem.
Bull. Amer. Meteor. Soc., 65, 126–137, https://doi.org/10.1175/
1520-0477(1984)065,0126:VOWIAD.2.0.CO;2.
Sutton, J., L. Palen, and I. Shklovski, 2008: Backchannels on the
front lines: Emergent uses of social media in the 2007
Southern California wildfires. Proc. Fifth Int. ISCRAM
Conf., Washington, DC, Information Systems for Crisis
Response and Management, 624–632, http://www.iscram.org/
legacy/dmdocuments/ISCRAM2008/papers/ISCRAM2008_
Sutton_etal.pdf.
Swart, R., R. Biesbroek, and T. C. Lourenço, 2014: Science of adaptation to climate change and science for adaptation. Front.
Environ. Sci., 2, https://doi.org/10.3389/fenvs.2014.00029.
Theisen, O. M., N. P. Gleditsch, and H. Buhaug, 2013: Is climate
change a driver of armed conflict? Climatic Change, 117, 613–
625, https://doi.org/10.1007/s10584-012-0649-4.
Tol, R. S. J., 2008: Climate, development and malaria: An application of FUND. Climatic Change, 88, 21–34, https://doi.org/
10.1007/s10584-007-9253-4.
——, and S. Wagner, 2010: Climate change and violent conflict in
Europe over the last millennium. Climatic Change, 99, 65–79,
https://doi.org/10.1007/s10584-009-9659-2.
Tompkins, E. L., W. N. Adger, E. Boyd, S. Nicholson-Cole,
K. Weatherhead, and N. Arnell, 2010: Observed adaptation to
climate change: UK evidence of transition to a well-adapting
society. Global Environ. Change, 20, 627–635, https://doi.org/
10.1016/j.gloenvcha.2010.05.001.
Torres, H. R., K. A. Alsharif, and G. A. Tobin, 2018: Perspectives on
adaptive capacity to climate change in hazardous environments:
Insights from Broward County, Florida. Wea. Climate Soc., 10,
361–372, https://doi.org/10.1175/WCAS-D-17-0094.1.
Turhan, E., C. Zografos, and G. Kallis, 2015: Adaptation as biopolitics: Why state policies in Turkey do not reduce the vulnerability of seasonal agricultural workers to climate change.
Global Environ. Change, 31, 296–306, https://doi.org/10.1016/
j.gloenvcha.2015.02.003.
Turner, B. L., W. C. Clark, R. W. Kates, J. T. Mathews, J. F.
Richards, and W. B. Meyer, 1990: The Earth as Transformed
by Human Action: Global and Regional Changes in the Biosphere over the Past 300 Years. CUP Archive, 713 pp.
USCSP, 1999: Climate Change: Mitigation, Vulnerability, and Adaptation in Developing Countries. U.S. Country Studies Program.

VOLUME 59

VanderMolen, K., and A. Horangic, 2018: Implications of regulatory drought for farmer use of climate information in the
Klamath Basin. Wea. Climate Soc., 10, 269–274, https://doi.org/
10.1175/WCAS-D-17-0078.1.
Vermeulen, S. J., B. M. Campbell, and J. S. I. Ingram, 2012:
Climate change and food systems. Annu. Rev. Environ.
Resour., 37, 195–222, https://doi.org/10.1146/annurevenviron-020411-130608.
Vogel, C., and K. O’Brien, 2006: Who can eat information? Examining the effectiveness of seasonal climate forecasts and
regional climate-risk management strategies. Climate Res., 33,
111–122, https://doi.org/10.3354/cr033111.
——, S. C. Moser, R. E. Kasperson, and G. D. Dabelko, 2007: Linking
vulnerability, adaptation, and resilience science to practice:
Pathways, players, and partnerships. Global Environ. Change,
17, 349–364, https://doi.org/10.1016/j.gloenvcha.2007.05.002.
Vogel, J., E. McNie, and D. Behar, 2016: Co-producing actionable
science for water utilities. Climate Serv., 2–3, 30–40, https://
doi.org/10.1016/j.cliser.2016.06.003.
Vörösmarty, C. J., P. Green, J. Salisbury, and R. B. Lammers, 2000:
Global water resources: Vulnerability from climate change
and population growth. Science, 289, 284–288, https://doi.org/
10.1126/science.289.5477.284.
Wall, T. U., A. M. Meadow, and A. Horganic, 2017: Developing
evaluation indicators to improve the process of coproducing
usable climate science. Wea. Climate Soc., 9, 95–107, https://
doi.org/10.1175/WCAS-D-16-0008.1.
Watkins, K., and Coauthors, 2006: Beyond scarcity: Power, poverty
and the global water crisis. UNDP Human Development Rep.,
440 pp., http://www.undp.org/content/dam/undp/library/
corporate/HDR/2006%20Global%20HDR/HDR-2006-Beyond%
20scarcity-Power-poverty-and-the-global-water-crisis.pdf.
Watts, M., 1983: Hazards and crises: A political economy of
drought and famine in northern Nigeria. Antipode, 15, 24–34,
https://doi.org/10.1111/j.1467-8330.1983.tb00320.x.
White, G., 1973: Natural hazards research. Directions in Geography, R. J. Chorley, Ed., Methuen, 193–216.
——, 1986: Strategic aspects of urban floodplain occupance. Geography, Resources and Environment, R. Kates and I. Burton,
Eds., Vol. 1, University of Chicago Press, 85–96.
Wilhite, D. A., and M. H. Glantz, 1985: Understanding: The
drought phenomenon: The role of definitions. Water Int., 10,
111–120, https://doi.org/10.1080/02508068508686328.
Wilken, G., 1987: Good Farmers: Traditional Agricultural Resource
Management in Mexico and Central America. University of
California Press, 302 pp.
Winchester, J. W., 1976: Atmospheric sciences and problems of society. Bull. Amer. Meteor. Soc., 57, 1447–1454, https://doi.org/
10.1175/1520-0477(1976)057,1447:ASAPOS.2.0.CO;2.
Wischnath, G., and H. Buhaug, 2014: On climate variability and
civil war in Asia. Climatic Change, 122, 709–721, https://doi.org/
10.1007/s10584-013-1004-0.
Wise, R. M., I. Fazey, M. Stafford Smith, S. E. Park, H. C. Eakin,
E. R. M. Archer Van Garderen, and B. Campbell, 2014:
Reconceptualising adaptation to climate change as part of
pathways of change and response. Global Environ. Change,
28, 325–336, https://doi.org/10.1016/j.gloenvcha.2013.12.002.
Woodward, A., G. Lindsay, and S. Singh, 2011: Adapting to climate
change to sustain health. Wiley Interdiscip. Rev.: Climate
Change, 2, 271–282, https://doi.org/10.1002/wcc.103.
World Bank, 2010: World Development Report 2010: Development
and Climate Change. The World Bank, 417 pp., http://hdl.
handle.net/10986/4387.

Unauthenticated | Downloaded 01/09/23 04:25 AM UTC

CHAPTER 26

LEMOS ET AL.

Yohe, G., and R. S. J. Tol, 2002: Indicators for social and economic
coping capacity—Moving toward a working definition of
adaptive capacity. Global Environ. Change, 12, 25–40, https://
doi.org/10.1016/S0959-3780(01)00026-7.
Zebiak, S., and M. A. Cane, 1987: A model El Niño/Southern
Oscillation. Mon. Wea. Rev., 115, 2262–2278, https://doi.org/
10.1175/1520-0493(1987)115,2262:AMENO.2.0.CO;2.
Zhang, D. D., C. Y. Jim, G. C.-S. Lin, Y.-Q. He, J. J. Wang, and
H. F. Lee, 2006: Climatic change, wars and dynastic cycles in

26.25

China over the last millennium. Climatic Change, 76, 459–477,
https://doi.org/10.1007/s10584-005-9024-z.
Zimmerer, K. S., and T. J. Bassett, Eds., 2003: Political Ecology: An
Integrative Approach to Geography and EnvironmentDevelopment Studies. Guilford Press, 310 pp.
Zografos, C., M. C. Goulden, and G. Kallis, 2014: Sources of
human insecurity in the face of hydro-climatic change.
Global Environ. Change, 29, 327–336, https://doi.org/
10.1016/j.gloenvcha.2013.11.002.

Unauthenticated | Downloaded 01/09/23 04:25 AM UTC

