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The unprecedented number of devastating disasters recently experienced in the United
States is a clarion call to revisit how we understand our vulnerability in the face of global
change, and what we are prepared to do about it. We focus on the case of Hurricane Mar�{a’s
impact in Puerto Rico to underscore five critical concerns in addressing vulnerability and
adaptation planning: (i) vulnerability as a product of flows; (ii) how our beliefs about the
capacities of ourselves and others affect local vulnerability; (iii) the role uncertainty, pol-
itics, and information access play in amplifying vulnerability and complicating adaptation;
(iv) the need for a better distribution of risk and responsibility in adaptation; (v) and the
challenge of seizing the opportunity of disasters for transformative change. These five
issues of concern were particularly evident in the case of Puerto Rico where Hurricane
Mar�{a’s 155 mph winds exposed existing infrastructural vulnerabilities, institutional in-
capacities, and socio-economic disparities. We argue that addressing these issues requires
fundamental shifts in how we prepare for environmental change and disasters in the 21st
century. We discuss promising approaches that may assist researchers and practitioners in
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addressing some of the underlying drivers of vulnerability, stemming from cross-scalar
dynamics, systemic interdependencies, and the politics and social relations associated with
knowledge, decision-making and action. We argue that society needs to broach the difficult
topic of the equity in the distribution of risk in society and the burden of adaptation.
Addressing these challenges and response imperatives is a central task of this century; the
time to act is now.

Keywords: Vulnerability; adaptation; resilience; hurricane impacts; Puerto Rico.

1. A Need to Think Differently About Vulnerability

On September 20, 2017, María made landfall in Puerto Rico. Loss of life is now
estimated to be 2975 (Milken Institute of Public Health 2018), and many services
are still not restored in parts of the island. The National Oceanic and Atmospheric
Administration estimates that the costs for Hurricanes Harvey, Irma and María
together inflicted as much as $265 billion in damages; other estimates are higher
(AccuWeather 2017). Households and businesses are still recovering from the
devastation of Harvey, and María has evolved into an ongoing humanitarian crisis
for 3.4 million U.S. citizens (Park and Hanna 2017). The 2018 Atlantic hurricane
season for the United States and the Caribbean is now upon us. While the de-
structive path of extreme weather exposes the fragility of our infrastructure and
social institutions, they also provide valuable opportunities for learning, adapta-
tion, anticipating, and avoiding future shocks.

It is time to address the underlying drivers of our vulnerability to extreme
events. Doing so requires novel approaches to vulnerability assessment and ad-
aptation planning. In colloquial terms, vulnerability is the propensity to suffer harm
from shocks and stress. More technically, vulnerability is function of a population’s
exposure to risk, and the specific attributes of that population that make it par-
ticularly sensitive to impacts and that affect its resilience. Thus vulnerability is not
simply a result of being in the way of these massive storms. Rather, it is shaped
over time through investments (or lack of) in infrastructure, decisions over the
locations of settlements and economic activities, cultural perspectives on risk and
responsibility, and the politics and practices of resource access, distribution and use
(Eakin et al. 2017). Hurricanes Harvey, Irma and María together illustrated how
our patterns of urbanization, our love affair with coastal views and recreation,
and our critical dependence on networks of fragile infrastructure amplify risk
(Plumer 2017; Kimmelman 2017).

Using the lessons from Hurricane María as a springboard for discussion, in this
article we focus on five concerns in addressing vulnerability and adaptation
planning that have been repeatedly raised by the scientific community, but which
have yet to be adequately integrated into the practice of vulnerability assessment
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and reduction. These five issues of concern were particularly evident in the case of
Puerto Rico where Hurricane María’s 155mph winds exposed existing infra-
structural vulnerabilities, institutional incapacities, and socio-economic disparities.
We argue that current approaches to analyzing vulnerability, through for example,
the use maps that overlay population, environmental and infrastructure attributes of
a place, are no longer sufficient. While this approach has been useful in the past, it
now constrains the capacity of researchers and practitioners to address some of the
underlying drivers of vulnerability, stemming from cross-scalar dynamics, sys-
temic interdependencies, and the politics and social relations associated with
knowledge, decision-making and action.

2. Five Concerns: Where Vulnerability and Adaptation Planning
is Falling Short

2.1. Vulnerability is a product of flows

In practice, researchers and practitioners alike talk about vulnerability as if it were
contained in specific places and populations. We rely on vulnerability maps to
combine specific geographic attributes — e.g., the income level of census blocks,
the number of homes insured, the area representing the 100-year flood plain — to
communicate the spatial patterns of vulnerability to decision-makers (Preston
et al. 2011). This helps in communication because it speaks to the spatial mandates
of particular decision-makers, however, vulnerability cannot be assigned neatly to
administrative and geographic boundaries. Vulnerability is partly a product of
flows: financial transactions, the movement of goods and services, circulation of
information and knowledge, and the movement of people, flora, fauna, dust,
pollutants, and other material across political boundaries and spatial divides (Adger
et al. 2009; Eakin 2010). This fact introduces significant uncertainty into the
efforts of local actors — state governors, municipal leaders, local businesses — to
anticipate and ultimately act to reduce risk.

In Puerto Rico, some of the most important flows (in this case commodity
flows) to the island are governed by the 1920 Jones Act. This century-old law,
requiring all cargo entering Puerto Rico’s ports to arrive on US ships with US
crews, impeded effective response to the Hurricane by blocking aid flows and
increasing the cost of badly needed imports. But it also affected the island’s initial
economic susceptibility to María: Puerto Rico’s financial crisis — which inhibited
investments in critical infrastructure such as the electricity grid — is in part a result
of being economically crippled by the Act for nearly a century (Bloomberg
View 2017). Because the island’s electric system depends almost entirely on oil
imports, its vulnerability is also connected to other places, such as Houston, where
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the oil industry was also affected by the unprecedented hurricane season. With
cellular and electric grids dysfunctional, the social networks that connect the
Puerto Rican diáspora to the island were disrupted, constraining the use of such
networks to fill in gaps where more formal relief systems were failing.

The networked nature of vulnerability puts a high demand on governance:
it exposes the need for coordination, communication and synergistic actions across
different sectors, levels of government and private and public actors. In Puerto
Rico, confusion over local agency responsibilities, delays in responses from federal
authorities, and the complexity of Puerto Rico’s territorial status impeded the
delivery of relief to the island and into the interior. Nevertheless, vulnerability
assessments tend to focus more on defining who and what is vulnerable, rather than
how vulnerability should be governed — e.g., who should be at the table, what
flows and networks of knowledge, finance, information, institutional ties are salient
to vulnerability in specific locations and how these should be managed, and what
are the scopes of influence and decision priorities of specific agencies and orga-
nizations, given their respective mandates (Wellstead et al. 2013; Gall et al. 2015).
While there is evidence that investments in adaptation prioritize “soft” issues such
as management, institutions and capacity building (Berrang-Ford et al. 2011;
Biagini et al. 2014), it is not clear the extent to which the networked, cross-scalar
and cross-sector concerns of vulnerability are being addressed in such investments.

2.2. What we think about our own capacity to manage risk, and
what we believe about the capacities and responsibilities
of others, matters

Second, what we think about our own capacity to manage risk, and what we
believe about the capacities and responsibilities of others, can significantly
affect conditions of local vulnerability. Our willingness to take action, as private
individuals, communities, organizations or businesses, in response to, or in
anticipation of, some external threat is not only an issue of our capacities: our
wealth, our assets, or our knowledge. Our capacities to manage and proactively
prepare for extremes is also circumscribed by the tension between what we each
feel we have a responsibility and capacity to do and influence; what we expect the
agencies that serve public purposes are responsible for doing; and what such
agencies can actually do at any moment in time. Thus, what we think others —
government agencies, businesses, or our neighbors — are doing to manage risk
affects the actions we take to reduce our vulnerability, even if these perceptions are
inaccurate or unfounded by fact.

In essence, this implicit appraisal of what we think others are doing on our
behalf is a critical part of what makes us willing and able to adapt (Grothmann and
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Patt 2005). If we are well-buffered from risk in our day-to-day existence, we may
grow complacent, relying on assumptions that others — managers of public
agencies and programs, insurance markets — have our exposure to risk covered.
This is the “safe development paradox” (Burby 2006). However, should these
safety-nets fail, and if we haven’t made the necessary individual investments and
preparations to reduce our risk, trusting that others — typically the public sector,
but increasingly also private commercial entities — have our best interest in mind,
can make us quite vulnerable.

Alternatively, we may have little trust and confidence in the public sector and
find risk management resources such as insurance inaccessible. This is how much
of the most vulnerable lives: those living on the economic margins, and in
conditions where public institutions are weak and where private sector mechanisms
for risk management are unavailable (Eakin et al. 2014). In these circumstances,
we would likely spend significant amounts of time and energy preparing for the
worst, putting our “safety first.” Here, our outlays and preparations come often at
significant personal expense, for example, trading off other valuable investments in
our health, our jobs or our pleasure and recreation (Eakin et al. 2014).

In both these circumstances, having good knowledge of the risk you face and
the potential limits of public or private resources to protect you is increasingly
important. The rising frequency and intensity of climatic extremes is now testing
both the limits of conventional risk management strategies, as well as the ability of
individual households to manage such extremes on their own (IPCC 2012). Shared
and fair responsibility for coping and adapting to environmental change is now
essential.

2.3. Uncertainty, politics, and information access complicate
adaptation

In part what defines a system’s vulnerability is its proximity to a threshold that
would define an undesirable state (Luers 2005). For example, a household’s vul-
nerability to a disaster is in part determined by whether the household is near
financial crisis prior to the event. For a city, vulnerability is influenced by how
close a sewage canal is to a risk of rupture, or the electricity grid to failure. But is
the public informed about how close they or their communities are to such
thresholds? While disaster risk specialists and experts in public relations have
identified transparency, honesty and candor as essential for effective risk com-
munication with the public (Seeger 2006; Palttala et al. 2012), the incentives for
such transparency, particularly about the level of uncertainty inherent in that risk,
may be lacking among those with the authority to disseminate information that is
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available. A public agency’s acknowledgment of vulnerability and uncertainty is
often interpreted in the media as an acknowledgement of lack of control over, or
even failure in, the provision of public security. Nevertheless, in the current context
of global change, it is increasingly clear that this idea is outdated: no organization,
agency, individual or enterprise alone can adequately know and buffer society from
the risks that now characterize human existence.

Lack of sufficient transparency and problems in information dissemination be-
came acutely clear in the aftermath ofMaría when it became apparent just how fragile
Puerto Rico’s electricity grid and road infrastructure were prior to the hurricane. A
year prior to María’s arrival, PREPA, the Puerto Rico Electric Power Authority, had
been externally evaluated and found to be in crisis. The report by Synapse Energy
Associates, published in 2016, stated “PREPA is failing at the basic mandate of an
electric utility, which is to safely and reliably supply electricity to its customers.
Neither the Commission, other governmental authorities, nor the public should be
misled about PREPA’s current state, which is unambiguously one of crisis” (Synapse
Energy Associates 2016: 18). While local newspapers were reporting on the critical
financial straits of the agency, the delicate political and economic circumstances of
Puerto Rico in themonths prior toMaría likely gave the government little incentive to
be entirely forthcoming about the physical state of the island’s electric grid. In other
cases, politicians were accused of exaggerating the vulnerability to justify privatizing
public infrastructure over public opposition.

As a result of failures in information flows, the politics of knowledge management
and the inevitable myopia of the vulnerable, households and businesses were un-
prepared for the impacts of María. Lack of emergency preparation at the household
level is common across hazard zones and not unique to Puerto Rico. But in Puerto
Rico, the disjuncture between the knowledge and expectations held by public
agencies and private actors had particularly severe and lasting consequences.

2.4. Reducing the vulnerability of any system — A city, a coastline,
an island territory — is not something that any one agency
or administration can accomplish

Vulnerability reduction typically requires contributions from individuals, house-
holds, businesses and others who may or may not see the salience of their actions.
As more and more resources and assets are privatized, even highly capable public-
sector agencies and well-managed and maintained public infrastructure can only go
so far in reducing social vulnerability. Achieving more system-wide adaptation at
multiple scales requires the collaboration and specific contributions of individuals,
households, businesses, and civil society organizations. For example, residents
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with property along a coastline may need to be willing to have their view
obstructed by a sand dune in order to improve hurricane resilience over a swath of
territory. Giving up one’s view from a property — when the view was why you
purchased it to begin with — can be an unwelcome cost. And the individual
benefits from making such contributions to reduce public vulnerability are often
elusive or only indirectly apparent after a hazard strikes (Tompkins and
Eakin 2012). Thus, while there is ample evidence of solidarity following impacts,
when it is clearly apparent that public infrastructure provisioning has failed,
there is less evidence that individuals will collaborate to anticipate and prepare for
highly uncertain (in space and time) events, particularly if it entails that individuals
bear specific costs for an uncertain, and often intangible public benefit.

A case in point is the complex relationship between urbanization and associated
land use change, and the implication of these processes for cumulative risk and
regional resilience. Cities and counties govern land use zoning and building permits;
individuals and enterprises respond to the institutional incentives and disincentives to
build their homes and businesses. In this complex process, individual actions satis-
fying individual aspirations not only create individual vulnerabilities but also alter
terrestrial, climatic, and hydrological processes to collectively produce aggregated,
amplified risk (Cook et al. 2012; Milman and Warner 2016).

How to motivate individual property owners to contribute to reducing the sensi-
tivity of the landscapes in which they reside is an increasingly important policy
challenge (Tompkins and Eakin 2012). While zoning and building standards are
intended to incentivize developers and home owners to take risk into account, the
case of Houston — where urban development was permitted to expand into known
flood plains — illustrates that these incentives are not always used effectively. And in
Puerto Rico, inequity, poverty and lack of affordable housing stock created condi-
tions in which as much as 55 percent of all housing units (Torres Gotay 2017) lacked
building permits or property titles, and thus were “irregular” in construction. This fact
not only suggests that any building codes that might have made them more resistant
to flooding or wind would not apply, but it also makes them ineligible for FEMA
support in recovery. No homeowner likes additional regulation, yet, in the face of
increasing privatization of land and other resources, mobilizing the support of such
resource managers to reduce vulnerability at broader scales is critical.

2.5. Disasters represent opportunities for initiating more sustainable
development trajectories, but such transformations face
significant barriers

This issue is by no means new: disaster management practitioners have for
some time argued that disaster recovery offers opportunities for communities to
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“leap-frog” or “bounce-forward” to more desirable states in the substance and
direction of rebuilding (Pelling 2011; Glantz and Jamieson 2000). Nevertheless,
implementing this ideal is challenging, particularly considering the urgency of
restoring key infrastructure, services, and capacities. Sustainability transitions
following disaster are more likely when there is an enabling political and economic
environment, an articulated vision or idea of alternative development prior to the
disaster, and a social network of people willing to carry forward the ideas even in
the midst of significant hardship and loss (Brundiers and Eakin 2018).

In Puerto Rico, prior to María’s landfall, efforts were already underway to
envision alternative energy supply structures and delivery systems. Academic
institutes, non-governmental actors and the public sector were exploring
alternatives involving renewables and increased energy independence. After María
threw the island into a severe and lasting energy crisis, the governor of Puerto Rico
recognized the opportunity presented to transform the electric power system to one
that is “hardened, smarter, more efficient, cleaner and less dependent on fossil fuel
imports” (Puerto Rico Energy Resiliency Working Group 2017: 5). A report by a
conglomerate of US energy utility companies and leading organizations and lab-
oratories in the energy industry offered the governor a vision and plan to rebuild
Puerto Rico’s grid towards more sustainable energy pathways in the future (Puerto
Rico Energy Resiliency Working Group 2017). However the governance pro-
cesses, rules, and cultural values and norms — the so-called “socio-political in-
frastructure” that can facilitate or inhibit transformative change (Eakin et al. 2017)—
was not central to the analysis. Rebuilding “differently” but expeditiously implies
that the vision and associated alternative development trajectories have been dis-
cussed and vetted with affected communities, the forces that maintain the status
quo have been identified, and the political will to change has been ignited. This is
typically not the reality, and the combination of immediate social need, political
pressure, and infrastructure path dependency works against efforts for transfor-
mation and towards restoring infrastructure back to prior conditions.

3. Critical Lines of Action in the Face of Vulnerability Challenges

There is clearly a need for new approaches to managing vulnerability this century
if we are going to overcome the challenges described above. First, if we
acknowledge that vulnerability emerges from social, political and economic rela-
tionships among people, technology and the environment (Tschakert et al. 2013),
and is subject to interdependencies across trade routes, administrative boundaries
and information flows (Adger et al. 2009; Eakin 2010), we also need to create new
metrics to account for these relations along with multiple spatial and temporal
scales (Lim-Camacho et al. 2017).
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Again, vulnerability maps that overlay population, environmental and infra-
structure attributes of a place are perhaps no longer sufficient (Preston et al. 2011).
Instead, more dynamic and spatially complex models are needed (Coetzee
et al. 2016). Rather than focus on describing the current state of assets and ca-
pacities, we need to be more proactive about identifying the critical thresholds and
our proximity to them (Luers 2005), and how linkages across systems — depen-
dency, for example, on imported energy sources, or the political will for action by a
distant government body — affects the probability of crossing such thresholds.
Assessments of vulnerability, for example, could highlight indicators of critical
material (finance, energy, water, food, labor) and non-material (information,
values, trust, social/cultural) flows that sustain a system, their interactions and
interdependencies, and the potential for their disruption.

Researchers are developing the tools and skills to do this: advances in the
modeling of complex system dynamics can simulate unexpected interactions
among, for example, population mobility, transport infrastructure conditions and
energy supply networks (Murray 2013). More intangible flows, such as knowl-
edge, social capital, and political influences, are much harder to quantify and
model, but may be critically important in the dynamics of vulnerable systems.
A further challenge is to capture the responses of distinct actors within a system —
residents, businesses, public sector representatives — to these collective dynamics,
and how these responses in turn affect the evolution of vulnerability over time.

To cope with lack of data, and the need to capture dynamics that are qualita-
tively understood but poorly measured or monitored, techniques based on local
expert knowledge can help. Established decision analysis tools such as the Ana-
lytical Network Process, for example, can help communities understand what
drives vulnerability, evaluate the state of critical variables, and how these factors
interact to create undesirable states (Eakin and Bojórquez-Tapia 2008;
Saaty 2005). Qualitative and quantitative scenario planning and “serious games”
that allow for the simulation of decision-making in complex emergencies can also
address this challenge (Birkmann et al. 2015; Loreto et al. 2012). And participa-
tion in the development and deployment of such tools can be instructive for
decision-makers and citizens in that it can illustrate critical system nodes, and how
risk can be amplified or reduced through specific social relationships and bio-
physical networks and connectivity.

And yet, even when such approaches to knowledge are widely available,
the solutions are not. Reducing the vulnerabilities that result from systemic
interdependencies typically entails enhancing redundancy and diversity in a sys-
tem: having a backup system for energy production, alternative supply chains,
multiple agencies and social groups participating in overlapping knowledge
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networks. Maintaining such redundancy is expensive and can seem inefficient for
individuals and communities, until a crisis hits. Diversity in trade relations and
flows, diversity in economic profiles of places, diversity in modes of energy, water
and food production, diversity in social relationships and organizational ties, in
times of crisis, are fundamental to resilience, diffusing shocks and enabling mul-
tiple response channels. Of course, diversity entails costs: in “normal” times,
maintaining diverse and decentralized relationships can seem to create inefficien-
cies and unnecessary complexity. But our “normal” times are changing. Planning
for risk and uncertainty now, more than ever, needs to be the new normal.

Anticipating the impact of connectivity and interdependency in vulnerability
implies a greater role for cross-scale, multi-stakeholder and even international
coordination of risk governance. The costs and perceived inefficiencies may seem
less when shared among households, or across communities and sectors that have a
common interest in diminishing the risk of crossing critical thresholds of vulner-
ability. While we have made some progress in these hybrid and flexible forms of
governance in relation to, for example, supply chain sustainability and land change
(see, for example, Round Table on Sustainable Palm and other such multi-stake-
holder initiatives), it is not yet clear what such governance arrangements should
look like in relation to managing vulnerability (Engle and Lemos 2010).

Addressing the problem of incomplete, inaccurate or misinformed decision-
makers — from the household to higher level public administrators — is chal-
lenging, but not impossible. Society is more than ever connected via social media,
the Internet and a variety of novel forms of information and economic commu-
nication mechanisms. In the months after María hit Puerto Rico, residents were
able to find out about their relatives through amateur radio hackers, Facebook and
other grassroots networks. New forms of communication — so called “Information
Communication Technology” — also can result in enhanced public accountability
and wider possibilities for participating and influencing conversations of public
interest (Eakin et al. 2014; Heeks and Ospina 2018). Public documents are in-
creasingly made available through leaks to news outlets or directly on the Internet,
through avenues such as Wiki-leaks. Nevertheless, these horizontal flows of in-
formation are often incomplete and inaccurate and often politically motivated,
thus communicating only partial information about the state of the systems on
which we all depend. Thus, as citizens, we need to be more involved in producing
and accessing the knowledge about our own vulnerability, and thus more re-
sponsible about evaluating this information, and demanding transparency and
accountability. We need to be more integrated into the knowledge networks or-
ganized by public and private sector entities about risk and system threats, and
such entities need to be more transparent and forthcoming about what knowledge
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is available and how it was generated, based on what data, rather than suppressing
it when it does not meet short term political goals. In the new era of extreme
events, risk should be front and center in all areas of government and civil life.
Public agencies have a responsibility on only to effectively manage early warning
systems but also to responsibly communicate the fragility of the different systems
on which citizens depend.

To achieve this, researchers, decision-makers, and practitioners need to
“upgrade” the knowledge systems through new sets of tools and practices for
collecting, analyzing, and applying data to anticipate risk and empower people to
see their own vulnerability, act where possible, and demand more just and
equitable access to adaptation support for those who need it. Climate models and
scenario processes that imagine future trajectories, while not perfect, can provide
useful anticipatory knowledge for addressing unprecedented extreme events
(Miller and Muñoz-Erickson 2018). Scenario planning can help in this regard,
particularly if such planning builds on an analysis of the interdependencies and
“flows” that are driving vulnerability in particular places. Adaptation pathways
analysis (Haasnoot et al. 2013; Wise et al. 2014) has shown promise in helping
decision makers identify the future circumstances in which a particular inter-
vention to manage risk may become ineffective and where alternatives might be
needed. Such analytical tools also may be constructive in anticipating oppor-
tunities for altering the course of development towards more sustainable tra-
jectories should disasters occur. Critically, involving diverse segments of society
in such planning efforts, and anticipating the potential barriers to change, can be
instrumental for communities to take advantage of such opportunities in the
wake of crisis. If a broad segment of society is involved in developing such
alternative development plans they will be more likely to have the relevance,
credibility and legitimacy necessary for implementation in contexts of duress.

Finally, none of the above will make a difference unless we engage in new
conversations about sharing risk and sharing the burden of adaptation equitably.
We do not live in an era in which the state alone can provide and protect.
All segments of society need to participate in assuming the burden of risk man-
agement and adaptation to achieve more sustainable and resilient communities.
To accomplish this, society — particularly people residing in more wealthy set-
tings — needs to begin to accept the real limits of existing systems of risk man-
agement. The reality is that no one is immune, and all have responsibility for both
producing and addressing vulnerable conditions. We must also simultaneously
address the fact that the conditions of vulnerability are unevenly and unjustly
distributed (Cole 2016). In Puerto Rico, this may mean debt forgiveness and
facilitating investments in education, health care and basic infrastructure. In other
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places, individual residents and private businesses may need to confront the un-
comfortable fact that the public sector, and associated private and public financial
services, are no longer able to buffer them from rising sea levels and hurricane
force winds. Incentives for luxury development on attractive coastlines, for
instance, will need to change such that the burden of adaptation falls more squarely
on those who are choosing to put themselves (and others) at risk.

We are now confronted with an opportunity; the losses experienced in Puerto
Rico, Houston and Miami underscore the need for embracing a new perspective on
vulnerability. We cannot wait for the next major event to begin a process of
individual and system adaptation. The time is now.

Acknowledgments

Authors Muñoz-Erickson and Eakin acknowledge the funding from the National
Science Foundation (NSF), SRN Grant No. SES-1444755, Urban Resilience to
Extreme Weather Related Events Sustainability Research Network (UREx SRN);
Muñoz-Erickson acknowledges NSF Grant No. 1737626 Building Resilient
Coastal Cities through Smart & Connected Communities; Lemos acknowledges
the support of a National Oceanic and Atmospheric Administration (NOAA) Grant
No. NA15OAR4310148; and Eakin acknowledges the support of NSF Grant
No. 1414052, CNH: The Dynamics of Multi-Scalar Adaptation in Megacities
(MEGADAPT).

References

AccuWeather (2017). AccuWeather predicts economic cost of Harvey, Irma to be
$290 Billion, Accuweather.com, 11 September 2017, https://www.accuweather.
com/en/weather-news/accuweather-predicts-economic-cost-of-harvey-irma-to-be-
290-billion/70002686 (accessed 14 September 2017).

Adger, WN, Eakin H and Winkels A (2009). Nested and networked vulnerabilities
to global environmental change. Frontiers in Ecology and the Environment, 7(3):
150–157, doi: 10.1890/070148.

Berrang-Ford, L, Ford JD and Paterson J (2011). Are we adapting to climate change?
Global Environmental Change, 21(1): 25–33.

Biagini, B, Bierbaum R, Stults M, Dobardzic S and McNeeley SM (2014). A typology
of adaptation actions: A global look at climate adaptation actions financed through
the Global Environment Facility. Global Environmental Change, 25: 97–108.

Birkmann, J, Cutter SL, Rothman DS, Welle T, Garschagen M, van Ruijven B, O’Neill B,
Preston BL, Kienberger S, Cardona OD, Siagian T, Hidayati D, Setiadi N, Binder
CR, Hughes B and Pulwarty R (2015). Scenarios for vulnerability: Opportunities and
constraints in the context of climate change and disaster risk. Climatic Change, 133:
53–68.

H Eakin, TA Muñoz-Erickson and MC Lemos

1850015-12

J. 
of

 E
xt

r. 
Ev

en
. 2

01
8.

05
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.w
or

ld
sc

ie
nt

ifi
c.

co
m

by
 1

84
.1

01
.4

3.
65

 o
n 

08
/0

3/
19

. R
e-

us
e 

an
d 

di
st

rib
ut

io
n 

is
 st

ric
tly

 n
ot

 p
er

m
itt

ed
, e

xc
ep

t f
or

 O
pe

n 
A

cc
es

s a
rti

cl
es

.



Bloomberg View After Irma, America Should Scrap the Jones Act. 13 September, 2017,
https://www.bloomberg.com/view/articles/2017-09-13/after-irma-america-should-
scrap-the-jones-act (accessed 14 September 2018).

Brundiers, K and Eakin H (2018). Leveraging post-disaster windows of opportunities for
change towards sustainability: A framework. Sustainability, 10(5): 1390.

Burby, RJ (2006). Hurricane Katrina and the paradoxes of government disaster policy:
Bringing about wise governmental decisions for hazardous areas. Annals of the
American Academy of Political and Social Science, 604: 171–191.

Challies, E, Newig J and Lenschow A (2014). What role for social–ecological systems
research in governing global teleconnections? Global Environmental Change, 27:
32–40.

Coetzee, C, Van Niekerk D and Raju E (2016). Disaster resilience and complex adaptive
systems theory: Finding common grounds for risk reduction. Disaster Prevention
and Management: An International Journal, 25: 196–211.

Cole, A (2016). All of us are vulnerable, but some are more vulnerable than others:
The political ambiguity of vulnerability studies, an ambivalent critique. Critical
Horizons, 17(2): 260–277.

Cook, EM, Hall SJ and Larson KL (2012). Residential landscapes as social-ecological
systems: A synthesis of multi-scalar interactions between people and their home
environment. Urban Ecosystems, 15(1): 19–52.

Eakin, H, Lemos MC and Nelson DR (2014). Differentiating capacities as a means
to sustainable climate change adaptation. Global Environmental Change, 27: 1–8.

Eakin, H (2010). What is vulnerable? In Ingram J, Ericksen PJ, Liverman D (eds.),
Food Security and Global Environmental Change (London, Earthscan, 2010).

Eakin, H and Bojórquez-Tapia LA (2008). Insights into the composition of
household vulnerability from multicriteria decision analysis. Global Environmental
Change-Human and Policy Dimensions, 18: 112–127.

Eakin, H, Bojórquez-Tapia LA, Janssen MA, Georgescu M, Manuel-Navarrete D, Vivoni
ER, Escalante AE, Baeza-Castro A, Mazari-Hiriart M and Lerner AM (2017).
Opinion: Urban resilience efforts must consider social and political forces.
Proceedings of the National Academy of Sciences, 114(2): 186–189.

Eakin, H, Wightman PM, Hsu D, Gil Ramón VR, Fuentes-Contreras E, Cox MP, Hyman
T-AN, Pacas C, Borraz F, González-Brambila C, Ponce de León Barido D and
Kammen DM (2014). Information and communication technologies and climate
change adaptation in Latin America and the Caribbean: A framework for action.
Climate and Development, 7: 208–222.

Engle, N and Lemos MC (2010). Unpacking governance: Building adaptive capacity
to climate change of river basins in Brazil. Global Environmental Change, 20(1):
4–13.

Gall, M, Nguyen KH and Cutter SL (2015). Integrated research on disaster risk: Is it really
integrated? International Journal of Disaster Risk Reduction, 12: 255–267.

Glantz, M and Jamieson D (2000). Societal response to Hurricane Mitch and intra- versus
intergenerational equity issues: Whose norms should apply? Risk Analysis, 20(6):
869–882.

Critical Lines of Action for Vulnerability and Resilience Research and Practice

1850015-13

J. 
of

 E
xt

r. 
Ev

en
. 2

01
8.

05
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.w
or

ld
sc

ie
nt

ifi
c.

co
m

by
 1

84
.1

01
.4

3.
65

 o
n 

08
/0

3/
19

. R
e-

us
e 

an
d 

di
st

rib
ut

io
n 

is
 st

ric
tly

 n
ot

 p
er

m
itt

ed
, e

xc
ep

t f
or

 O
pe

n 
A

cc
es

s a
rti

cl
es

.



Grothmann, T and Patt A (2005). Adaptive capacity and human cognition: The process
of individual adaptation to climate change. Global Environmental Change, 15(3):
199–213.

Haasnoot, M, Kwakkel JH, Walker WE and ter Maat J (2013). Dynamic adaptive policy
pathways: A method for crafting robust decisions for a deeply uncertain world.
Global Environmental Change, 23(2): 485–498.

Heeks, R and Ospina AV (2018). Conceptualising the link between information systems
and resilience: A developing country field study. Information Systems Journal, 1–27,
https://doi.org/10.1111/isj.12177.

IPCC (Intergovernmental Panel on Climate Change) (2012). Managing the Risks of
Extreme Events and Disasters to Advance Climate Change Adaptation (Cambridge,
UK, 2012).

Kimmelman, M (2017). Lessons from Hurricane Harvey: Houston’s struggle is America’s
tale. The New York Times [online] 11 November, 2017, https://www.nytimes.com/
interactive/2017/11/11/climate/houston-flooding-climate.html (accessed 14 Septem-
ber 2018).

Lim-Camacho, L, Plagányi ÉE, Crimp S, Hodgkinson JH, Hobday AJ, Howden SM and
Loechel B (2017). Complex resource supply chains display higher resilience to
simulated climate shocks. Global Environmental Change, 46: 126–138.

Loreto, ID, Mora S and Divitini, M (2012). Collaborative serious games for crisis man-
agement: An overview. Proceedings from the 2012 IEEE 21st International Work-
shop on Enabling Technologies: Infrastructure for Collaborative Enterprises, 25–27
June 2012, pp. 352–357.

Luers, AL (2005). The surface of vulnerability: An analytical framework for examining
environmental change. Global Environmental Change, 15(3): 214–223.

Milken Institute of Public Health (2018). Ascertainment of the estimated excess mortality
from Hurricane María in Puerto Rico. George Washington University, 28 August
2018, https://publichealth.gwu.edu/content/gw-report-delivers-recommendations-
aimed-preparing-puerto-rico-hurricane-season (accessed 14 September 2018).

Miller, CA and Muñoz-Erickson TA (2018). The rightful place of science: Designing
knowledge, Tempe, AZ: Consortium for Science, Policy, and Outcomes.

Milman, A and Warner BP (2016). The interfaces of public and private adaptation: Lessons
from flooding in the Deerfield river watershed. Global Environmental Change, 36:
46–55.

Murray, AT (2013). An overview of network vulnerability modeling approaches.
GeoJournal, 78: 209–221.

Palttala, P, Boano C, Lund R and Vos M (2012). Communication gaps in disaster man-
agement: Perceptions by experts from governmental and non-governmental organi-
zations. Journal of Contingencies and Crisis Mangement, 20: 2–12.

Park, M and Hanna J (2017). Puerto Rico suffering humanitarian crisis after María, San
Juan mayor says. CNN.com, 22 December, 2017, http://www.cnn.com/2017/09/26/
us/puerto-rico-maria-recovery/index.html (accessed 14 September 2018).

Pelling, M (2011). Adaptation to Climate Change: From Resilience to Transformation.
London: Routledge.

H Eakin, TA Muñoz-Erickson and MC Lemos

1850015-14

J. 
of

 E
xt

r. 
Ev

en
. 2

01
8.

05
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.w
or

ld
sc

ie
nt

ifi
c.

co
m

by
 1

84
.1

01
.4

3.
65

 o
n 

08
/0

3/
19

. R
e-

us
e 

an
d 

di
st

rib
ut

io
n 

is
 st

ric
tly

 n
ot

 p
er

m
itt

ed
, e

xc
ep

t f
or

 O
pe

n 
A

cc
es

s a
rti

cl
es

.



Plumer, B (2017). Why Hurricane Irma could hurt, a lot: Much lies in harm’s way. The
New York Times [online] 7 September, 2017, https://www.nytimes.com/2017/09/07/
climate/florida-hurricane-irma-damage.html? r=0 (accessed 14 September 2018).

Preston, BL, Yuen EJ and Westaway RM (2011). Putting vulnerability to climate change
on the map: A review of approaches, benefits, and risks. Sustainability Science, 6:
177–202.

Puerto Rico Energy Resiliency Working Group (2017). Build back better: Reimagining
and strengthening the power grid of Puerto Rico (New York, 2017): 63 pp.

Saaty, TL (2005). Theory and Applications of the Analytic Network Process. Pittsburgh,
PA: RWS Publications, 4922 Ellsworth Avenue, Pittsburgh, PA 15213.

Seeger, M (2006). Best practices in crisis communication: An expert panel process.
Journal of Applied Communication Research, 34: 232–244.

Synapse Energy Associates (2016). Expert Report: State of PREPA’s System, Load
Forecast, Capital Budget, Fuel Budget, Purchased Power Budget, Operations Ex-
pense Budget, Puerto Rico Energy Commission Puerto Rico (San Juan, Puerto Rico,
2016).

Tompkins, EL and Eakin H (2012). Managing private and public adaptation to climate
change. Global Environmental Change, 22: 3–11.

Torres Gotay, B (2017). Irretrivable losses: María leaves thousands homeless and there
are few options for those affected, 16 October, 2017, https://www.elnuevodia.com/
english/english/nota/irretrievablelosses-2366395/ (accessed 14 September 2018).

Tschakert, P, Tutu R and Alcaro A (2013). Embodied experiences of environmental and
climatic changes in landscapes of everyday life in Ghana. Emotion, Space and
Society, 7: 13–25.

Wellstead, AM, Howlett M and Rayner J (2013). The neglect of governance in forest sector
vulnerability assessments: Structural-functionalism and “Black Box” problems in
climate change adaptation planning. Ecology and Society, 18(3): art 18, 10.5751/ES-
05685-180323.

Wise, RM, Fazey I, Stafford Smith M, Park SE, Eakin H, Archer Van Garderen ERM and
Campbell B (2014). Reconceptualising adaptation to climate change as part of
pathways of change and response, Global Environmental Change, 28: 325–336.

Critical Lines of Action for Vulnerability and Resilience Research and Practice

1850015-15

J. 
of

 E
xt

r. 
Ev

en
. 2

01
8.

05
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.w
or

ld
sc

ie
nt

ifi
c.

co
m

by
 1

84
.1

01
.4

3.
65

 o
n 

08
/0

3/
19

. R
e-

us
e 

an
d 

di
st

rib
ut

io
n 

is
 st

ric
tly

 n
ot

 p
er

m
itt

ed
, e

xc
ep

t f
or

 O
pe

n 
A

cc
es

s a
rti

cl
es

.


	Critical Lines of Action for Vulnerability and Resilience Research and Practice: Lessons from the 2017 Hurricane Season
	1. A Need to Think Differently About Vulnerability
	2. Five Concerns: Where Vulnerability and Adaptation Planning is Falling Short
	2.1. Vulnerability is a product of flows
	2.2. What we think about our own capacity to manage risk, and what we believe about the capacities and responsibilities of others, matters
	2.3. Uncertainty, politics, and information access complicate adaptation
	2.4. Reducing the vulnerability of any system&nbsp;&mdash; A city, a coastline, an island territory&nbsp;&mdash; is not something that any one agency or administration can accomplish
	2.5. Disasters represent opportunities for initiating more sustainable development trajectories, but such transformations face significant barriers

	3. Critical Lines of Action in the Face of Vulnerability Challenges
	Acknowledgments
	References


