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ABSTRACT

Design for Community Resilience in the Age of Disasters:
A Case Study in Puerto Rico

By
Yiyuan Qin

Submitted to the Integrated Design and Management Program on
May 15, 2020 in partial fulfillment of the requirements of the
Degree of Master of Science in Engineering and Management

In September 2017, Puerto Rico, home to 3.2 million people, suffered catastrophic damages as
category-5 Hurricanes Irma and Maria made direct landfalls on the Island. Their effects on people’s
health and safety were devastating and long-term. In the face of climate change, places like Puerto
Rico are likely confronted with more frequent and more destructive natural disasters. The need to
better prepare the Island for future disasters is immense and urgent. Combining primary and
secondary research, this thesis applies a human-centered and system-minded design approach to
identify and analyze the current strengths and gaps in the disaster response and recovery efforts in
Puerto Rico after Hurricane Maria. | conducted interviews and participatory observations with
individuals and organizations in the field, ranging from community-based organizations to aid
agencies. This thesis reveals that although Hurricane Maria touched virtually all parts of the Island,
the vulnerable populations were disproportionately affected. In response to the inefficiencies of
local governments and federal agencies, citizens and community groups emerged to respond to the
aftermath of Hurricane Maria. However, there is a clear gap in the current disaster management
system in engaging and empowering citizens and communities to respond to the growing
challenges of natural disasters. Based on these findings, this thesis lays out a set of design
recommendations for leveraging disaster information and knowledge management systems to
promote collaboration across key actors to enhance disaster resilience in Puerto Rico and other
relevant contexts.

Thesis Supervisors:
Jason Jay, Senior Lecturer at MIT Sloan School of Management
Miho Mazereeuw, Associate Professor at MIT School of Architecture + Planning
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CHAPTER 1: BACKGROUND

1. Puerto Rico and Hurricane Maria

In September 2017, Puerto Rico, home to 3.2 million people, suffered catastrophic damages as
category-5 Hurricanes Irma and Maria made landfalls on the island (Segarra 2017). Puerto Rico was
in the direct path of Hurricane Maria, of which wind speeds reached 155 mph and the eyewall drove
across the island over a 40-hour period. Surge, tide, wind, and rainfall devastated the island with
inundation, floods, and landslides (Almukhtar et al. 2017; Pasch, Penny, and Berg 2019)(Figure
1-1).

The hurricanes’ effects on people’s health and safety were devastating and long-term. Damages to
homes and critical infrastructure resulted in prolonged cascading failures in essential services:
energy, telecommunication, water, transportation, health services, schools, and much more.
Hurricane Maria caused over $90 billion in damage, approximately 3,000 to 5,000 deaths, and an
exodus of more than 150,000 people in the two months after (Chinoy 2018; Segarra 2017; Kishore
etal. 2018). Hurricane Maria was the most destructive hurricane in Puerto Rico’s modern times,
and third costliest in U.S. history (after Katrina in 2005 and Harvey in 2017) (Pasch, Penny, and
Berg 2019).

Hurricane Maria
Sept. 20, 2 p.m.

San Juan
Porado Catario

% Toa Baig 7 Roberto Clemente

Toa Alta  Coliseum

La Plata dam
Naranjito _

Comerio 4/

Yabucoa

Guayama

Figure 1-1. Hurricane Maria’s path across Puerto Rico in 2017 (Almukhtar et al. 2017).

Given the scale of the disaster, a plethora of challenges further compromised the response and
recovery process. With limited resources and personnel, the distribution of resources and
coordination among actors were plagued by the lack of information and communication due to
failed energy and telecommunication systems, geographic separation of Puerto Rico, and limited
access to some remote parts of the island. Residents lacked electricity, food, water, and medical care
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for up to months. After the hurricanes, people lost their jobs, schools were closed, government
services and private enterprises could no longer operate effectively. While the hurricanes touched
virtually all segments of the population, poor older adults, children, individuals with disabilities or
chronic illnesses, and women were disproportionately affected by this disaster (COR3 and
Government of Puerto Rico 2018).

Even before Maria hit, the archipelago had already been facing recession for over a decade, where
half of its residents lived below the poverty line — the highest poverty rate of a U.S. state or
territory — and the unemployment rate is more than double the national level (U. S. Census Bureau
2019a; Klein 2018; COR3 and Government of Puerto Rico 2018). Years of economic contraction led
to a severe fiscal crisis, resulting in high and unsustainable levels of debt that led to the passage of
the Puerto Rico Oversight, Management, and Economic Stability Act (PROMESA) in 2016. PROMESA
has been restricting the amount of resources the Puerto Rican government can mobilize locally for
disaster response and recovery (Rodriguez-Diaz 2017).

As an unincorporated territory, Puerto Rico’s response to Hurricane Maria was also influenced by
this status and various legislation and acts imposed on Puerto Rico influenced, including the
Merchant Marina Act of 1920, known as the Jones Act. The Jones Act requires that U.S. agencies
control maritime waters and ports of Puerto Rico, which leads to higher costs of consumer good
imports to Puerto Rico and restrained access to non-US vessels and crews (Rodriguez-Diaz 2017).

As a result of the financial hardships, along with socioeconomic and governance challenges,
infrastructure repairs and maintenance was deferred, including telecommunication and energy
systems, transportation networks, and public buildings (COR3 and Government of Puerto Rico
2018). Years of deterioration of infrastructure eventually led to catastrophic failures in the face of a
powerful disaster like Maria.

Lastly, the economic challenges and lack of opportunities led to a major decline in its population, as
a result of younger workers leaving an elder, poor population. This demographic shift also added to
the stress on the Island’s economy, creating a shortage of professional workers in many sectors
such as infrastructure. These preexisting conditions — economic crisis spanning more than a
decade, colonial legacy, and other structural, demographic, health, social, and infrastructure
stresses — had led Puerto Rico to a particularly vulnerable position, exacerbating the impact of
natural disasters like hurricanes (Klein 2018; Sullivan 2018).

2. Government Response to Hurricane Maria

The archipelago of Puerto Rico includes the main island and several smaller islands, such as Culebra
and Vieques. Puerto Rico contributes to the annual appropriation of funding to the Federal
Emergency Management Agency (FEMA), the agency responsible for disaster response on the
[sland. In the aftermath of Hurricanes Irma and Maria, Major Disaster Declarations were signed,
authorizing FEMA to provide assistance programs for the individuals and public institutions in
Puerto Rico, in coordination with the Government of Puerto Rico and the Island’s municipalities.
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FEMA was also tasked to coordinate recovery efforts across federal and state-level agencies, private
sector entities, and voluntary, faith-based, and community organizations across the Island.

The 2017 Hurricane Season was one of the most active in U.S. history. Three major hurricanes in
quick successions - Harvey (August 25), Irma (September 6), and Maria (September 19) - were of
unprecedented scale, scope and impacts, overwhelming response and recovery capabilities at all
levels of government. As of April 30, 2018, FEMA reported that $21.2 billion had been obligated
towards the impact of these hurricanes, and over 17,000 FEMA personnel and nearly 14,000 staff
from the Department of Defense had been deployed (FEMA 2018). However, many criticisms have
been leveled at the agency on its response to Hurricane Maria in Puerto Rico (Robles 2018;
Clement, Zezima, and Guskin 2018). A study comparing federal disaster responses to 2017
Hurricanes Harvey, Irma, and Maria found that the federal government responded on a larger scale
and much more quickly across measures of money and staffing to Harvey and Irma in Texas and
Florida, compared with Maria in Puerto Rico, of which the variation was not commensurate with
storm severity and need (Willison et al. 2019) (Figure 1-2).
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Figure 1-2. Cumulative dollars scaled in millions 6 months post-landfall. Federal Emergency Management Agency (FEMA) money refers to
FEMA assistance to individuals and families. This includes applications by individuals currently residing in the USA post-Maria, as well as
persons in Puerto Rico. In Survivor's Pockets includes total count of federal aid to survivors by days post-landfall, including FEMA aid to
individuals and families, Small Business Association Loans, and National Flood Insurance payouts (Willison et al. 2019).

In FEMA'’s After-Action Report (AAR) on the 2017 Hurricane Season, the agency acknowledged that
it failed to properly prepare for the hurricane season and was unable to provide adequate support
to those affected in Puerto Rico (FEMA 2018). The agency vastly underestimated the impacts of the
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hurricane season in Puerto Rico and the ensuing complications from the structural challenges
facing the Island’s infrastructure and governance. In every category represented, the planning for
Puerto Rico’s Hurricane Maria response was severely insufficient to mitigate the impacts caused by
the hurricane, including population, cellular services, power outages, hospitals, and areas needed
search and rescue (Figure 1-3).

Comparison of Planning Assumptions and 2017 Hurricane Impacts in Puerto Rico
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Figure 1-3. FEMA underestimated impacts of 2017 hurricanes in Puerto Rico (FEMA 2018).

Before Maria hit the Island, Puerto Rico’s emergency supply warehouses had been emptied as many
supplies were routed to the U.S. Virgin Islands in response to Hurricane Irma. It took FEMA longer
than expected to secure and deliver supplies, while it failed to keep track of the moving resources
amidst the chaos. The dire lack of generators had left many medical facilities without emergency
power. The AAR also found that FEMA had thousands fewer qualified workers than it needed going
into the hurricane season, and disaster personnel were deployed to other storms before Maria.
They had to borrow workers from other agencies to manage the immense demand. Using the last
assessment for Puerto Rico from 2012, FEMA did not account for insufficiently maintained
infrastructure and the financial and political challenges facing the Puerto Rican government in
2017. As a result of unexpected communication outages and the limited availability and
applicability of satellite phones, it was extremely difficult for FEMA to gain situational awareness,
further impeding action. The insufficient response received by Puerto Rico had led to increases in
mortality and adverse health outcomes in the aftermath of the hurricanes (Willison et al. 2019).

In the AAR, FEMA recognized the importance of building a culture of preparedness from individuals
to all levels of government, the call for adaptation and collaboration, and the need to reduce the
complexity of FEMA. For places like Puerto Rico, FEMA urged communities not to count so heavily
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on FEMA in a future crisis. The agency administrator, Brock Long, wrote in the draft report, “The
2017 hurricane season showed that all levels of government — and individual families — need to
be much better prepared with their own supplies, particularly in remote or insular areas where
commodities take longer to deliver” (Robles 2018).

One year after Hurricane Maria, many people in Puerto Rico were still struggling with basic
necessities. According to a poll, Puerto Ricans saw a failure in the government response to
Hurricane Maria at all levels, including municipal governments, the Puerto Rican government, and
federal agencies, and gave negative ratings to President Trump and Governor Ricardo Rossell6
(DiJulio and Munana 2018). There were major concerns about whether authorities would be able to
help should another storm hit the Island; the majority worried that the government was still not
prepared to deal with future hurricanes and believed that most Puerto Ricans were not ready.

The discontent towards government disaster response and concerns over government
transparency on recovery funds spending, along with fury over years of recession, mismanagement,
and corruption, ignited prolonged, sweeping protests against the government in the summer of
2019. One of the largest ever seen on the island, the demonstrations eventually led to the
resignation of the embattled governor, Ricardo A. Rosselld, leaving the Island with greater political
instability (Robles and Rosa 2019; Herndndez et al. 2019).

3. The Rise of Citizens and Community-Based Organizations

In response to the inefficiencies of local governments and federal agencies, complicated by existing
challenges facing the Island, citizens and community groups emerged to respond to the aftermath of
Hurricane Maria. Amongst the structural challenges and the lag of government support, many
grassroots community-based organizations (CBOs) across the Island transformed themselves as
important frontline pioneers in lifting communities and particularly vulnerable populations up
from the devastation (Posada 2018).

It’s estimated that during the first months after Maria, some 200,000 people joined CBOs and other
non-profit entities as volunteers, each dedicating 23 hours of work and helping more than one
million Puerto Ricans (Alicea 2018). Many of these CBOs newly emerged after the hurricane, while
those that had already existed before nearly all dramatically modified their services to meet the
new humanitarian crisis at hand (Agosto-Maldonado 2018). More than half of the surveyed entities
distributed essential supplies such as water or food, while others also collected debris. The
communities and nonprofit sector were the first, and in many cases, the only responder to the
disaster. With trust and knowledge of local needs, and recognized by emergency management
agencies, CBOs have become a key player in preparing Puerto Rico for future disasters (FEMA
2018). However, many of these organizations are still struggling with challenges from limited
funding, small staffs, and other management barriers to sustaining their mission in helping their
communities recover from Maria and prepare for future disasters (Agosto-Maldonado 2018).
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4. Thesis Objective and Outline

In the face of climate change, places like Puerto Rico are likely confronted with more frequent and
more destructive natural disasters such as hurricanes (Keellings and Ayala 2019; Harmsen et al.
2009; Chinoy 2018). As seen in post-Maria Puerto Rico, the need to better prepare the Island,
especially for the vulnerable populations, for future disasters is immense and urgent.

As natural and human-made disasters grow in scale and severity, governments at all levels are
already grappling with the limitations of their resources and capacities, exposing widening access
and service gaps. As today’s changing demographic and technology trends make the effects of
disasters more complex to manage, engaging and empowering individuals and communities to
become a more integral part of enhancing disaster resilience has become undeniably vital. FEMA
defines this collective approach as “Whole Community” (FEMA 2011):

“As a concept, Whole Community is a means by which residents, emergency management
practitioners, organizational and community leaders, and government officials can collectively
understand and assess the needs of their respective communities and determine the best ways
to organize and strengthen their assets, capacities, and interests. By doing so, a more effective
path to societal security and resilience is built.”

Truly realizing the whole community approach in building resilience will require the disaster
management community to transform their thinking, planning, and practices. However, currently,
there is limited guidance on how to connect the dots among key players in the disaster management
community and to effectively leverage the strengths, resources, and best practices of communities
and citizens in response to disasters.

Combining primary and secondary research, this thesis applies a human-centered and
system-minded design approach to identify and analyze the current strengths and gaps in the
disaster response and recovery efforts in Puerto Rico after Hurricane Maria. Based on these
findings, the thesis then lays out a set of design recommendations for designing disaster
management policies and programs to better engage and empower communities and citizens to
build a more resilient future for places like Puerto Rico. The following core questions guide the
development of the thesis:

e How were communities impacted by Hurricane Maria and what factors contributed to the
disparities across the island?
How did communities and disaster management and aid agencies respond?
How might we help the island become more resilient in the age of disasters?

Chapter 2 reviews relevant literature on the concept of resilience and the role of disaster
information and knowledge management. Chapter 3 explains the primary and secondary research
processes deployed to answer the core questions. Chapter 4 first details the impacts of Hurricane
Maria and the vulnerabilities exposed and then highlights how citizens and community groups
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responded to the disaster. Chapter 5 further illustrates these lessons through a case study. Chapter
6 provides a set of design recommendations for scholars and practitioners to explore possible
pathways towards a more resilient future. Chapter 7 discusses the findings and lays out limitations
and future work.
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CHAPTER 2: LITERATURE REVIEW

1. Core Concepts in Disaster Research

The main objective of the thesis addresses disaster resilience building particularly in Puerto Rico
and other relevant contexts. Consolidating existing literature, this thesis builds on core concepts in
disaster research. Because the concepts are complex, multidimensional, and evolving, here I clarify
and synthesize the most relevant and widely-used concepts and findings to set the context for the
study. These concepts in disaster research have complex interactions among them and cannot be
sufficiently understood by focusing on any single aspect alone. Definitions used in this study
primarily come from indicators and terminology developed by the United Nations Office for
Disaster Risk Reduction (UNDDR).

Disasters are serious disruptions of the functioning of a community or a society at any scale due to
hazardous events interacting with conditions of exposure, vulnerability, and capacity, which leads to
one or more human, material, economic, and environmental losses and impacts (UNDRR 2017;
Perry 2017; Quarantelli 2000).

A Hazard is characterized as a process, phenomenon or human activity that may cause loss of life,
injury or other health impacts, property damage, social and economic disruption, or environmental
degradation (UNDRR 2017; Gill and Ritchie 2017). The causes for hazards can be natural (e.g.
floods, hurricanes, and earthquakes), technological (e.g. nuclear radiation, toxic wastes, and dam
failures), and anthropogenic (e.g. wars, deforestation, and fire).

Exposure refers to the situation of people, infrastructure, housing, production capacities and other
tangible human assets located in hazard-prone areas(UNDRR 2017; Gill and Ritchie 2017). To
measure exposure, common indicators can include the number of people or types of assets in an
area. These measures can be combined with the specific vulnerability and capacity of the exposed
elements to any particular hazard to estimate the associated quantitative risks.

The concept of vulnerability has emerged in various research fields (disaster risk
management/reduction, development, resilience, and climate change adaptation) and schools of
thought (political economy, social-ecology, political ecology, etc.), resulting in different approaches
to access and define vulnerability (Birkmann 2006; Adger 2006). The UN/ISDR defines
vulnerability as the conditions determined by physical, social, economic, and environmental factors
or processes which increase the susceptibility of an individual, a community, assets, or systems to
the impacts of hazards. It is important to note that measurement of vulnerability is often fuzzy,
indirect, conditional on a hazard, and linked to complex dynamics of inherent characteristics of
communities and social-ecological systems (Birkmann 2007).

Capacity is the combination of all the strengths, attributes, and resources available within an
organization, community, or society to manage and reduce disaster risks and strengthen resilience
(UNDRR 2017). Capacity is often categorized as coping capacity and adaptive capacity. Coping
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capacity is often used to describe the availability of resources and the ability to utilize these
resources to respond to hazards; while adaptive capacity includes the capacity of communities and
societies to adapt to future hazards and climate change (Gallopin 2006; McCarthy et al. 2001).

Resilience describes the ability of a system, community, or society to absorb, accommodate, adapt
to, transform and recover from the adverse consequences and impacts of a hazard in a timely and
efficient manner (UNDRR 2017; Birkmann 2006). Building resilience is seen as a key strategy for
individuals, communities, and social-ecological systems to live with changing conditions. Studies
have attempted to build frameworks to assess community resilience, drawing from indicators in
categories including social, economic, institutional, and infrastructure resilience, as well as
community capital (Cutter, Burton, and Emrich 2010).

The term disaster risk is widely recognized as the consequence of the interaction between a hazard
and the characteristics that make people and places vulnerable and exposed as well as their
capacity to cope and adapt, which is often expressed in the following equation (DasGupta and Shaw
2017; Pelling 2003):

Disaster Risk = (Hazard * Exposure x V ulnerability) | Capacity

The equation illustrates the interdependent nature of the core concepts in disaster research and
demonstrates the opposing tension between risk and resilience: where hazard, exposure, and
vulnerability increases disaster risk whereas capacity increases resilience (Berkes 2007).

Mitigation Preparedness

Disaster
Management
Cycle

Recovery Response

Figure 2-1. The four continuous phases of the disaster management cycle.

Disaster Risk Management is the application of Disaster Risk Reduction policies and strategies, aimed
at preventing new and reducing existing disaster risk and managing residual risk, all of which
contribute to strengthening resilience and therefore to the achievement of sustainable
development. Disaster Risk management is an ongoing process and often illustrated as a continuous
cycle of four phases: mitigation, preparedness, response, and recovery (UNISDR and UNOCHA 2008)
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(Figure 2-1). Mitigation involves actions taken to prevent or reduce the impacts of disasters;
preparedness includes activities of planning, training, and educational for events that cannot be
mitigated; response involves assistance or intervention that occurs in the immediate aftermath of a
disaster; and recovery includes efforts to restore or improve the condition of affected communities
and reduce vulnerability to future disasters.

2. Resilience and Disasters

Despite being able to identify the causes of risk, researchers and practitioners have failed to
eradicate it (McCreight 2010). Disaster researchers and policymakers alike have instead centered
their focus on the pragmatic value of disaster resilience in the past two decades (Rodriguez,
Donner, and Trainor 2018; Cutter, Burton, and Emrich 2010). For researchers, it is an explanatory
framework to understand and explain how social, built, or natural systems can withstand or quickly

recover from shocks and avoid their collapse due to internal vulnerability. For policymakers and
officials in disaster management, resilience helps frame disaster preparedness and guide
capacity-building initiatives. Building on the key concepts and frameworks in disaster research,

resilience brings together the many threads — vulnerability, capacity, hazards, and exposure — and
aspires to determine the factors that make systems more or less able to withstand and recover from

disasters.

Table 2-1. Key elements of resilience and example factors.

Element Example Factors References

Socioeconomic | household income; employment; tax revenues; education level; home Cutter, Burton, and Emrich 2010;
ownership; business size; population density; age; access to services; Cutter, Ash, and Emrich 2014;
communication capacity; special needs; insurance coverage Mayunga 2007; Aldrich 2012

Ecological quality, extent, and diversity of natural systems (wetlands, forest, Sutton-Grier, Wowk, and Bamford
parks) 2015; Tyler and Moench 2012

Institutional governance; municipal expenditure on services; interoperable Cutter and Finch 2008; Cutter, Burton,
communication; institution climate; emergency plans; hazard mitigation | and Emrich 2010; Cutter, Ash, and
plans; zoning and building standards; training; disaster aid experience | Emrich 2014; Aldrich 2012

Infrastructure | number, quality, and location of housing, shelters; critical infrastructure | Mayunga 2007; Cutter and Finch
(water, energy, communication, transportation); medical care capacity; | 2008; Cutter, Burton, and Emrich
industrial supply chain; backup resources 2010; Cutter, Ash, and Emrich 2014

Social Capital | number of local organizations; voting rates; volunteerism; levels of Mayunga 2007; Aldrich 2012; F. H.
trust; sense of community; participation in local events; organizational | Norris et al. 2008; Cutter, Burton, and
linkages and cooperation; access to people in leadership; place Emrich 2010; Cutter and Finch 2008
attachment; political participation
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This study mainly focuses at the community level resilience — the collective ability of a
neighborhood or geographically defined area to deal with stressors and recover following shocks,
with the understanding that resilience of individuals and organizations within the community are
integral components of resilience at different scales (Aldrich and Meyer 2015). Based on studies in
disaster resilience, capacities are often broadly grouped as socioeconomic, ecological, institutional,
infrastructure, and social capital (Cutter, Burton, and Emrich 2010; Kendra, Clay, and Gill 2018).
Table 2-1 summarises examples of key elements and factors used in disaster research.

One of the factors, social capital has been at the forefront of thinking about resilience. Social capital
is broadly defined as the social networks and relations that can have positive consequences for the
individual and the community based on social cohesion, trust, and reciprocity (Portes 1998; Meyer
2018). It refers to the ideas of unity, togetherness, a sense of shared identity and community,
cooperation, and community action (Dekens 2007). Individual and community social capital
networks can provide information, aid, financial resources, and child care along with emotional and
psychological support (Aldrich and Meyer 2015). These social support networks can function as the
most crucial means of adjustment for the most vulnerable groups. In general, greater social capital
(the phrase social networks is used interchangeably in this study) provides information,
knowledge, and access to network members; strengthens trustworthiness across the network; and
builds new norms about compliance and participation among network members (Aldrich 2012).

These mechanisms of social capital have been witnessed to allow communities to recover from
disasters faster with citizens and organizations responding to helping others in times of crisis
(Whittaker, McLennan, and Handmer 2015). Anecdotes and quantitative studies have been
recorded from around the world, including the 1910 earthquake in San Francisco, the 2001
September 11 terrorist attacks in New York, the 2004 tsunami in the Indian Ocean, the 2005
Hurricane Katrina in New Orleans and surrounding areas, the 2010 earthquake in Haiti, the 2011
3/11 disasters in Japan (Aldrich 2012; 2019; Solnit 2009; Jones 2018). With growing evidence and
improved measurement, many disaster researchers have pointed to social capital as a vital, perhaps
even decisive attribute of social systems that influence a community’s ability to respond and
recover from disasters (Nakagawa and Shaw 2004; Aldrich 2012; Cutter, Ash, and Emrich 2014;
Adger 2003). However, practitioners have underutilized social cohesion and social networks in
disaster planning and management (Aldrich 2012).

Aside from the widely accepted benefits, it is also important to note that the effects of social
networks on affected populations can be multifaceted and the relationship between social capital
and disaster is dynamic and complex (Aldrich 2012; Solnit 2009). Under pressure from extreme
disasters, social networks sometimes can reinforce previously existing inequalities for the more
peripheral groups, and they don’t benefit all individuals the same way even within the same
network (Adger 2003). Disasters may also alter the social fabric of disaster-affected neighbors —
toward altruistic cooperation or occasionally toward violent dysfunction — for a short period of
time, while the pre-disaster conditions may play a bigger role in the post-disaster social networks.
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3. Disaster Information and Knowledge Management

Information and knowledge management is foundational to achieving effective disaster response
and recovery. Preparedness and effectiveness of disaster management rely on the process of
acquiring, analyzing, and sharing quality data to support decision-making around logistics, supplies,
and cooperation among relief agencies, which face complex operational challenges. In response to
large-scale disasters, decision-makers often face tremendous time pressure and uncertainty to
allocate scarce resources, which could lead to severe, sweeping consequences (Jiang et al. 2012).
Emergency operations can be further impeded by damaged communication, energy, and
transportation infrastructure in the wake of disasters. The disaster management community needs
a large variety of information in this time and mission critical process to perform different tasks at
different phases around decision making and situational awareness, including generating early
warnings, planning for response and recovery activities, evaluation of disaster severity, and
distribution of relief actions and supplies (Zhang, Zhou, and Nunamaker Jr 2002). Information
needs also vary across different stakeholders. For example, disaster relief workers need
information about dispatch of supplies; agency officers demand access to disaster situations, and
availability of staff and resources; philanthropic entities require assessments of victims’ needs. In
most disaster operations, the need to gather, analyze, and share timely, comprehensive, and reliable
information is paramount.

Even though there has been a considerable increase in disaster-related research and scientific
activities, as well as advances in technology (e.g. satellite coverage and surveillance technology),
disaster damage and loss is still on an upward trend (White, Kates, and Burton 2001; Dekens 2007).
There are clearly gaps and barriers between the complex interaction of knowledge production,
sharing, and implementation. Studies have found that poor information and knowledge
management in disaster management can lead to disaster propagation and higher levels of
casualties (Jiang et al. 2012). Given the diverse and distributed nature of information and
knowledge across different entities, the challenges around disaster information and knowledge
management are multifold and complex, particularly around sharing and coordination
(Spiekermann et al. 2015; Zhang, Zhou, and Nunamaker Jr 2002; White, Kates, and Burton 2001;
Bharosa, Lee, and Janssen 2010).

Often stored away and difficult to access, knowledge is most commonly lost or fragmented due to
inadequate coordination, partnership, communication, and sharing (Spiekermann et al. 2015).
Research around disaster information and knowledge management show that the lack of
knowledge is not the key challenge, but rather the problems lie with risk interpretation and
understanding, mentalities across scales, power structure, personal attitudes, values, and other
constraints across individual, community, and agency levels (Bharosa, Lee, and Janssen 2010;
Spiekermann et al. 2015; McConnell and Drennan 2006). Spiekermann et al. (2015) identified three
types of barriers to the fragmentation of knowledge, including functional barriers related to
resource issues (divergent objectives, needs, scope, priorities, and lack of cooperation); structural
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barriers related to institutional settings and standards; and social barriers related to factors such as
trust, values, understanding, and communication.

Due to many of these barriers, a key component of the disaster knowledge space — local knowledge
and practices in disaster risk reduction — has not been adequately incorporated into the official
channels of disaster management (Milliken and Linton 2015; Mercer et al. 2010; Liboiron 2015;
Corburn 2003; Dekens 2007). While the importance of local knowledge — “what the residents
know about natural hazard risks and what they believe and do about them in a given situation” —
has been recognized and advocated in relation to disaster risk reduction, particularly for the most
vulnerable populations, the practical application has been limited and marginalized (Mercer et al.
2010; Dekens 2007). Some key factors that prevent the inclusion of local knowledge are ideological
(e.g. the conventional or scientific knowledge is “superior”), institutional (e.g. it’s difficult to use
local knowledge because of their “invisibility,” complexity, diversity, and changeability), and
political (e.g. disasters are issues around national defense and security). The oppression of local
knowledge is a reflection of the structural marginalization, exploitation, powerlessness, violence,
and denial of the people who bear the knowledge, which often are the root causes of their
vulnerability to disasters (Mercer et al. 2010; Liboiron 2015; Dekens 2007).

Participatory approaches to disaster management acknowledge local knowledge and people as the
primary actors, providing an entry point for promoting local people's participation with
“higher-level” institutions that already have a comparative advantage. In the context of complex,
changing, and growing hazards, understanding, accounting for, and respecting local knowledge can
help agencies improve their disaster management planning, as well as project performance,
acceptance, ownership, and sustainability (Dekens 2007). Therefore, although there are many
challenges to the documentation and use of local knowledge in disaster management, working with
communities to integrate their knowledge system on an equal and respectful basis has the potential
to serve as an effective tool for building overall disaster resilience (Mercer et al. 2010; Dekens
2007; Spiekermann et al. 2015).

To bridge these functional, structural, and social barriers across the heterogeneous actors in
disaster information and knowledge sharing and coordination, the concept and role of boundary
objects and activity theory have shown promise as theoretical foundations in cross-border
collaboration in disaster management (Engestrom 2000; Carlile 2002; Bharosa et al. 2012). The
introduction of socio-technical objects (e.g. information systems) in combination of processes to
promote cross-border collaboration (e.g. inclusive governance and communication mechanisms
that involve all stakeholders) has found to be helpful in overcoming various challenges.

4. Summary

In light of the existing literature in disaster management, a set of premises emerged as guidance for
my research:
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Improving disaster resilience through capacity building instead of eliminating risk is central
to meeting disaster management objectives;

Social capital — individual and community networks — have proven to be a vital capacity
for coping and adapting to shocks from disasters;

Local knowledge is a key component of disaster information and knowledge management,
but it is often ignored, due to functional, structural, and social barriers; and

Leverage the existing strength and innovation to enhance collaboration across key actors in
the system to achieve disaster resilience goals.
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CHAPTER 3: METHODS

To identify and analyze the current strengths and gaps in disaster management in Puerto Rico, I
conducted both primary and secondary research. Based on the findings, I then developed a set of
recommendations for designing disaster management policies and programs, with continuous
feedback and inputs from a subset of the study participants. The research process was inherently
adaptive and iterative, where relevant new insights and discoveries allowed for new questions and
explorations, in order to serve the overall objective of identifying points of intervention for
improving disaster resilience.

1. Secondary Research

The secondary research methods involved literature review and archival research using materials
from three main sources: 1) expert recommendation; 2) published work in journals and research
institutions; and 3) news and multimedia.

[ first created a foundational list of work recommended by people with academic and professional
experience and expertise in relevant fields. This list consists of representative works on core
theories and definitions on disaster and climate, disaster information systems and knowledge
management, methodologies for disaster risk reduction planning, behavior and psychology,
organization and management, and entrepreneurship.

Building on the bodies of work recommended by experts, | used Google, Web of Science, and Google
Scholar to search the extent of published articles, reports, case studies, and government documents
relevant for the study. Select keywords used for the search include disaster management, response,
or recovery; climate change, resilience, vulnerability, or risk; communities; information or
knowledge. I prioritized materials with a focus in Puerto Rico and the United States. Additional
materials were included from citations.

[ also reviewed relevant news and multimedia materials in English and Spanish languages,
including documentaries, videos, and podcasts on disaster management, particularly post
Hurricane Maria in Puerto Rico. Some of the news media sources include the New York Times, the
Atlantic, Miami Herald, and El Nuevo Dia.

Lastly, [ extracted, organized, and synthesized applicable information to inform and guide field
research and development of design principles and recommendations.

2. Field Research

To uncover the unmet needs in this new and understudied circumstance after Hurricane Maria in
Puerto Rico, I conducted both exploratory and targeted field research in the form of in-person and
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phone interviews, group interviews, and participatory observations. I traveled to Puerto Rico for
field research on three occasions: March 22th to 30th, 2019; July 22nd to September 1st, 2019; and
January 11th to February 1st, 2020. During two of my field trips, two major natural disasters —
Hurricane Dorian (August 24, 2019) and a series of earthquakes (January 2020) — took place,
where I participated in disaster preparation and relief work. Both of these experiences informed my
research.

2.1 Study Participants

Throughout the study, | spoke with a wide range of approximately 100 individuals both in Puerto
Rico as well as at research institutions and other entities, in relevant fields of disaster and
emergency management, humanitarian aid, sustainability, business and management,
environmental and urban planning, healthcare, technology and entrepreneurship, and community
organizing. These individuals represent scholars in academic institutions, professionals in national,
international, and Puerto Rican non-profit organizations, government agencies, leaders, and
volunteers in CBOs, as well as community residents. These individuals were primarily identified
based on their professional connections as well as through snowball sampling in the field. The
following sections will detail the characteristics of some of the key participants. Pseudonyms and
professional titles were used in the study.

2.2 Main Study Sites

During my field research in Puerto Rico, there were four main study sites where I conducted
extensive interviews, group interviews, and participatory observations. The sites are located in
different municipalities, including Caguas, Utuado, Toa Baja, Yabucoa, Humacao, Yauco, and Ponce
(Figure 3-1). These sites were selected based on expert recommendation, presence of existing
leadership in community organizing, access to study participants, and high exposure and
vulnerability to climate-related disasters such as hurricanes. Among the main study sites, all were
affected by Hurricane Maria and were among the municipalities with the highest increase in crude
mortality rates post-hurricane (Andrade et al. 2018). Yauco and Ponce were also severely affected
by the most recent earthquakes in January 2020.

1) The Centro de Apoyo Mutuo (CAM) (Center of Mutual Support) in the semirural neighborhood of
Las Carolinas in Caguas emerged in the Apoyo Mutuo (mutual support) movement in the aftermath
of Hurricane Maria (Molinari 2019). In Las Carolinas, of the community’s 2,500 residents, 60 to 70
percent are over 55 years old and one in three households live below the poverty line (U. S. Census
Bureau 2020). Since 2013, the community has lost 20 percent of its population, leaving elderly
residents behind with little family support. After Hurricane Maria, Las Carolinas residents were
without water service for three months, without electricity for seven months, and without
municipal debris pickup for 80 days. In response to the needs, community organizations such as
CAM in Las Carolinas, Caguas, opened community kitchens to feed the communities. Women
residents of the neighborhood occupied the closed Maria Montafiez Gdmez elementary school,
transforming the space into a communal space with a community kitchen, a healing center, an
activity room for the elderly, a garden, and a thrift store. Today, volunteers of CAM, mostly women
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and elderly, continue to prepare and home deliver over 100 meals three times a week along two
routes to senior and bedridden residents and their caregivers.
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Figure 3-1. The municipalities where the five main study sites are located: 1) Caguas; 2) Utuado; 3) Toa Baja; 4) Yabucoa and Humacao;
and 5) Yauco and Pance. Map on estimated percentage increase in crude mortality rates by municipality in Puerto Rico from September
2017-February 2018 (Source: Andrade et al. 2018).

2) The Corporacion de Servicios de Salud Primaria y Desarrollo Socioecondmico El Otoao (COSSAO)
(Corporation for the Health and Socioeconomic Development of Otoao) is a community-based
organization established in 2013 in the remote, central mountainous region of Puerto Rico. COSSAO
provides free health services to 5,000 households across seven communities: Frontdn in Ciales,
Mameyes Arriba in Jayuya, and the Caonillas communities, Don Alonso, Tetuan, and Mameyes in
Utuado. Before COSSAO, residents of these rural communities often had to travel for hours to reach
the nearest healthcare facility. Today, in addition to the primary health facilities in Mameyes, in
collaboration with Heart to Heart Foundation, COSSAO employs seven health workers that visit
residents to access and document their health and socio-economic conditions, with hopes to
provide a roadmap to better serve the most vulnerable populations in case of another disaster.

3) The Asociacién de Comunidades Unidas Tomando Accion Solidaria (ACUTAS) (Association of
United Communities Taking Solidarity Action) shares a similar origin as CAM in Las Carolinas.
Serving hundreds of households in Villa Calma, Ingenio, and Villas del Sol of Toa Baja today,
ACUTAS was started days after Maria by a group of women who provided help to their community
residents from a house, where water, electricity, and other support were delayed for months after
the hurricane. The communities that ACUTAS is serving suffered severe flooding after the hurricane
and a large percentage of the households live under the poverty line (Ferré-Sadurni 2017). Today,
ACUTAS provides workshops and after-school programs for adults and children, mental health
services, and initiatives to help small businesses.

4) Yabucoa and Humacao are municipalities located in the southeastern part of Puerto Rico and
considered ground zero of the hurricane, bore the brunt of Hurricane Maria on September 20th,
2017 while still recovering from damage brought by Hurricane Irma (Segarra 2017). International
organizations like All Hands and Hearts (a volunteer-powered disaster relief organization that
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addresses the immediate and long-term needs of communities impacted by natural disasters) have
been providing assistance to the communities such as home repairs. For 32 years, the Asociacion
Recreativa y Educativa Comunal del Barrio Mariana de Humacao, Inc. (ARECMA) (Communal
Recreation and Education Association of Mariana, Humacao) has been serving residents of
Humacao through community-centered activities and projects. In response to Maria, a new Center
for Transformation was created equipped with solar panels, safe shelter spaces, laundry services,
and even spaces as part of the community’s effort to build disaster resilience.

5) Yauco and Ponce were among the southern municipalities that were seriously affected by a
series of over a thousand earthquakes, including a magnitude 6.4 earthquake and dozens above 4,
in early 2020 in Puerto Rico. Thousands of people have lost their homes and many more have been
sleeping outside for fear that their houses will collapse on them at any moment (Ortiz-Blanes 2020).
Across the most affected municipalities, preliminary damage was estimated to be over $460 million.
Volunteer disaster relief efforts to help the southern part of the Island were organized by NGOs,
universities, government agencies, as well as individuals.

2.3 Interviews

I conducted interviews with individuals from academic and research institutions, international and
Puerto Rican NGOs, philanthropic entities, government agencies, the private sector, independent
consultants, and leaders of CBOs. Most of the interviews were done in person, with the exception of
seven conducted over the phone due to geographic differences. Some of these interviews were
conducted with multiple individuals at the same time. With some individuals, follow-up
conversations and meetings were held to clarify details and expand on the topics. Table 3-1
summarises the number of interviews and affiliation of the interviewees.

Table 3-1. Summary of interviews.

Affiliation Number of Interviews/Interviewees
Academic/Research 26
Community-Based Organization 12
Government 3
NGO (International) 17
NGO (Puerto Rico) 10
NGO/Philanthropy (Puerto Rico) 7
Private Sector 9
Independent 5
Total 98
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Interviews lasted from 30 minutes to 90 minutes. Interviews conducted with professionals and
community leaders in Puerto Rico were audio-recorded with participants’ verbal consent. Written
notes and pictures were taken on site. These interviews were primarily conducted in English.
Interviews with scholars focused on their area of expertise and feedback on the project. Varying
depending on the context, interviews were semi-structured with professionals and community
leaders generally focused on addressing the following questions:

What were the organization’s core mission and structure?

What was the organization’s experience of Hurricane Maria?

How did projects and activities evolve in response to Hurricane Maria?

Arc of project development: planning, financing, staffing, and implementation
What type of technology or tools are used in projects?

How is information and knowledge managed?

What is the process of working with other people and organizations?

What were some of the greatest challenges the organization has faced post-Maria: financial,
management, external, and socio-political?

What are some of the lessons learned and how could things be done differently?

How were vulnerable populations considered?

What is your personal motivation for being part of the efforts?

2.4 Group Interviews

With the help of community-based organizations and community leaders, I conducted group
interviews with representatives of the residents in the main study sites. These group interviews
were conducted in Spanish and facilitated with the help of an English-speaking local interpreter
except for two meetings in Utuato. The interviews were audio-recorded with the participants’
verbal consent. [ took notes in Spanish and English, and then transcribed and translated the
audio-recordings in English.

1) Las Carolinas. I conducted a 50-minute group interview with 6 members of the community
during one of the sessions programmed for elderly members of the community at the CAM. There
were three men and three women present, aged from 50 to 89 years. Three of them live alone, two
with their elderly spouse, and one with her daughter and grandson. The interview was
semi-structured and the following questions were addressed:

What were the greatest needs before, during, and after (short and long-term) hurricanes?
What are some of the coping strategies that work well?

Who's providing these services?

What needs are not yet met with what’s in place?

How are they participating in the community?

What types of changes may be desired?

What are the perceived barriers in participating in community life?
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e Have they had volunteers coming to visit? Would they like that? What would they want
them to help with? What types of concerns might they have?

e Would they be comfortable with sharing information with organizations to provide services
on disasters?

2) Mamayes, Utuado. I conducted three group interviews with the general community residents,
including a 30-minute interview with two volunteer members of COSSAO at the organization’s

office; a 60-minute session with approximately 30 members of a local faith-based group in their
church; and a 45-minute meeting with four teaching staff of a local kindergarten at their school.

3) Ingenio, Toa Baja. I met with three of the community leaders of ACUTAS and two of the
community members at the ACUTAS office in Toa Baja. We had two 2-hour meetings in August 2019
and one 90-minute meeting in January 2020. One of the community members relies on a wheelchair
for movement.

For group interviews in Mamayes, Utuado, and Ingenia, Toa Baja, the interviews were
semi-structured and following questions were addressed:

e Have they had volunteer experience before? If so, what was the motivation, and how was
the experience like?

How did they and the community react to Hurricanes?

How has the community changed after Hurricane Maria?

How would they like to prepare differently for future disasters like hurricanes as a
community?

If a volunteer program is put in place, how could we motivate more people to participate?
How do communities convene and communicate with each other?

How do communities engage with elderly members?

What are the values that the community looks to represent? What do they take pride in as a

community?
2.5 Participatory Observations

Lastly, [ joined activities of CBOs as well as disaster relief efforts after the January earthquakes as
part of my participatory observations. During these activities, | was accompanied by the staff of the
organizations where [ observed, asked questions, and documented with pictures, notes, and
geolocations. The activities were conducted in Spanish and English.

1) Health promoters program with COSSAO. [ accompanied two health promoters on two different
routes in two days for their in-house visits, interviews, and data collection. We visited eight
households in two days. I also participated in the COSSAO staff meetings where they demonstrated
their data management process.
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2) All Hands and Hearts housing repair program. I spent a week at their project site in Yabucoa,
joining their volunteer groups repairing homes, damage assessments, and staff coordination
meetings.

3) Earthquake disaster relief efforts in Ponce and Yauco. I joined two groups of Puerto Rican
disaster relief efforts after the series of January earthquakes. On January 12%, I joined the Hispanic
Federation’s operation to distribute donated disaster relief supplies in Ponce. On January 18", I
joined a brigade of health professionals organized by the University of Puerto Rico, where we
visited three refugee camps and individual households in two communities in Yauco.

3. Design Recommendation Development

Based on primary and secondary research and informed by widely used disaster management
frameworks, I deployed a human-centered, system-minded process to derive design
recommendations for creating a more inclusive and effective disaster information and knowledge
system to help improve disaster resilience. I conducted analyses of needs and capacity analyses for
key actors and evaluated the strengths and gaps of current solutions in meeting the key actors’
needs. Given the exploratory nature of this study, the process was continuously adaptive, iterative,
and generative as I sought feedback and inputs from study participants throughout the process. The
objective of the recommendations is to invite scholars and practitioners alike to explore some
potential points of intervention to improve community resilience for places like Puerto Rico.
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CHAPTER 4: RESULTS

[ present findings from a combination of primary and secondary research on Hurricane Maria’s
impacts on communities, factors that contributed to the disparities across the Island, and the
emergent response and recovery efforts from citizens and CBOs. Pseudonyms are used when
reporting accounts from field research. Long quotes from interviewees are italicized and indented.
Accounts from field research are reported in English, with the exceptions of organization names,
local terms, and direct quotes, which are italicized with translations in parentheses.

1. Impacts of Hurricane Maria

Located in the northeast Caribbean Sea, the archipelago of Puerto Rico is exposed to a range of
natural hazards including hurricanes, earthquakes, tsunamis, landslides, subsidence, and flooding
(Palm and Hodgson 1993). In 2017, Hurricane Maria brought extreme rainfall over Puerto Rico,
registering the highest precipitation of 129 storms that have impacted the island since 1956
(Keellings and Ayala 2019). The hurricane caused devastating and lasting damages to Puerto Rico
while exacerbating existing environmental, social, and economic challenges already crippling the
Island. With record-breaking wind gusts, heavy rains, storm surges, floods, and landslides, the 2017
storm took thousands of human lives, forced approximately 150,000 people to leave the Island,
damaged over 1 million homes, cut off essential services and supplies across the Island for months,
weakened deteriorating infrastructure, and ravaged the Island’s agricultural yields and natural
landscapes (Niles and Contreras 2019; Irfan 2017; Robles and Ferré-Sadurni 2017; Kishore et al.
2018; Hinojosa and Meléndez 2018b; 2018a). The Government of Puerto Rico estimated that the
Island would need $94.4 billion to fully recover (Resilient Puerto Rico Advisory Commission 2018).
Below is a summary of the main socio-economic impacts of Hurricane Maria.

1.1 Loss of Lives

From September 2017 to February 2018, an estimate of 3,000 to 5,000 deaths occurred either
directly related to the hurricane (eg, drowning, flying debris, building collapse, and electrocution)
or the ensuing unsafe conditions that contributed to injury, illness, or unavailability of service
(Andrade et al. 2018; Kishore et al. 2018; Santos-Burgoa et al. 2018; Fink 2018). Studies have found
that excess deaths were highest among elderly men and largely attributed to illnesses such as heart
disease, diabetes, and Alzheimer’s (Cruz-Cano and Mead 2019; Andrade et al. 2018). This excess
mortality was equivalent to over 60 percent increase in the mortality rate as compared with the
same period in 2016 (Kishore et al. 2018). However, the number likely to be an underestimate due
to survivorship bias, survey limitations, difficulties in communication, population movement, and
disruption to services including government records, death certificates, and mortuary services (Gay
etal. 2019; Andrade et al. 2018).
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1.2 Disruption to Services and Supplies

After Hurricane Maria, many parts of the Island experienced extended periods of disruption in
essential services as a result of severe damages to the Island’s aging infrastructure (The New York
Times 2017). The hurricane caused complete disruption of power, damaged telecommunication
towers, roads, bridges, and schools, and destroyed 80 percent of crop value. Furthermore, the
hurricane impacted the structural integrity of most hospitals and healthcare facilities and affected
70 percent of the water treatment and distribution system (Resilient Puerto Rico Advisory
Commission 2018). On average, households went 84 days without electricity, 68 days without
water, and 41 days without cellular telephone coverage (Kishore et al. 2018; Hinojosa and
Meléndez 2018a).

Among all the service disruptions, issues with medical services were among the highest with 31
percent households reporting, of which the greatest problems include the inability to access
medications, need for respiratory equipment and other devices and procedures that require
electricity (i.e. insulin, dialysis, and cancer treatments), and closed medical facilities or lack of
doctors (Robles 2017; Kishore et al. 2018; Rodriguez 2018). The disruption in healthcare services
accounted for one third of the deaths (Kishore et al. 2018).

Before the Hurricane, Puerto Rico already experienced a much higher rate of food insecurity than
other parts of the US, worsened by the severe lack of homegrown food as the Island imported 85
percent of the food, mostly from the U.S. (Coleman-Jensen et al. 2018; Acevedo 2018). This figure
rose to 95 percent after Hurricane Maria (Mares 2019). After the storm, with no power or water,
damaged homes, low supplies, many people could not afford to eat hot meals or just to find food
(Allen and Pefialoza 2019; Mares 2019; Gillespie, Romo, and Santana 2017). Furthermore, with
roadblocks and port closures, emergency relief supplies — food, water, fuel, medicine — could not
be delivered to the hurricane victims (LaRocco 2017).

1.3 Housing Challenge

After Maria, over 1 million or 90 percent of all homes on the Island were determined to have
suffered some degree of damage, of which 250,000 with major damages and 70,000 destroyed
(Hinojosa and Meléndez 2018b; Viglucci 2018; Garcia 2020). Estimated at about $37 billion,
housing was the largest category of storm destruction in Puerto Rico (Brown 2018). With a history
of informal construction, Puerto Rico has been facing a housing crisis before the hurricane. Driven
by deep poverty and decades-long formal housing shortages, these informal constructions, built
without following land use codes or building standards and often found in disaster-prone areas,
bore the brunt of the storm in 2017 (Viglucci 2018). As a result, along with other historical and
cultural reasons (i.e. land inheritance), hundreds of thousands of Puerto Ricans live on land to
which they have no formal titles or deeds. After Maria, FEMA’s requirement for homeownership
documentation precluded 60 percent of federal aid applicants from accessing funding to rebuild
(Garcia 2020). Today, more than two years after Maria, a vast swath of the population still live
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without proper shelter, leaving them at the risk of increased injury or damage in the event of any
future hurricanes and other disasters.

1.4 Displacement and Emigration

Months after the hurricane, unable to cope with the aftermath of the storm, approximately 150,000
Puerto Ricans (about 4 percent of the population) left the Island and relocated to the continental
U.S. (Sutter and Hernandez 2018; Hinojosa and Meléndez 2018a). While the Island’s population had
been shrinking for years, following the extended power outages, precarious living conditions, and
difficulty in accessing basic supplies, the exodus marked the greatest migration in Puerto Rico’s
history (Resilient Puerto Rico Advisory Commission 2018; Sutter and Hernandez 2018). The
massive emigration post-Maria reinforces the challenges induced by years of depopulation, further
leading to decreased government services and employment, the closing of schools, and increased
poverty especially among the most disadvantaged such as those with children and the elderly
(Hinojosa and Meléndez 2018a). Those that relocated have also reported challenges of finding jobs,
housing, medical services, and schooling (C. Méndez-Nufiez 2018; Silva 2018).

1.5 Mental Health Impacts

Major natural disasters events often impose an array of stressors, including threats to one’s life and
safety, exposure to human trauma, bereavement and loss, social and community disruption, and
ongoing hardships. These stressors often inflict damage to people’s mental health and can lead to
increased outcomes such as anxiety, depression, and posttraumatic stress disorder (PTSD) (F.
Norris et al. 2002; F. H. Norris, Friedman, and Watson 2002). The duration and severity of the
trauma experienced by Puerto Ricans from Maria have led to a worsened mental health crisis on the
Island as well as those relocated, particularly for the youth, elderly, women, and those in
low-income areas (Lybarger 2018; Scaramutti et al. 2019; Orengo-Aguayo et al. 2019; Greenbaum
2019; Varney and Kane 2018).

In the months following Hurricane Maria, the overall suicide rate increased 29 percent, while the
rate more than doubled for people aged 65 to 69 and tripled for those aged 75 to 79 (Varney and
Kane 2018; Wyss 2018b; Burnette 2019; Varney 2018). In the hardest-hit, low-income southeast
coastal community of Punta Santiago, one study found that two thirds of the respondents had
clinically significant symptoms either in depression, anxiety, or PTSD (Ferré et al. 2019). In a survey
conducted one year after Maria, over one-fifth of the Island’s residents reported needing or
receiving mental health services (Greenbaum 2019). Other ensuing consequences include spikes in
drug use, domestic violence against women, as well as burnout and secondary trauma among
caregivers and emergency responders (Roure 2019; Vigaud-Walsh 2018; Greenbaum 2019). Today,
still confronted with a great lack of access to mental health services and prevalent stigma
influencing the perceptions of mental health, the challenges from the “aftermath of the aftermath”
in Puerto Rico are still dire (Resilient Puerto Rico Advisory Commission 2018; Negroni et al. 2020).
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2. Vulnerabilities Exposed

Disproportionately affecting the most vulnerable, Hurricane Maria has exposed Puerto Rico’s stark
inequalities. Determined by physical, social, economic, and environmental factors or processes,
vulnerability is a measure of the state of susceptibility of a population to harm from exposure to the
impacts of hazards and from the absence of capacity to adapt (Adger 2006; Cutter, Boruff, and
Shirley 2003; Birkmann 2007; Berke et al. 2010). Studies have found that the most common
characteristics that define vulnerable populations include race/ethnicity, socioeconomic class,
gender, age (elderly and children), health, and housing tenureship, of which many antecedent risk
factors are also accelerated and/or magnified by disasters (Cutter and Finch 2008; Ngo Ehren B.
2001). Furthermore, vulnerability factors tend to cluster, multiplying the risk of certain segments of
the population (Phillips and Morrow 2007).

In Puerto Rico, studies have found that age, poverty, and remoteness along with its associated
service disruptions, particularly delayed or prevented access to medical care, were among the most
critical factors attributed to the excess deaths and other associated challenges post-Maria. On the
Island, these vulnerability factors often compounded one another, making poor elderly Puerto
Ricans in remote areas one of the most vulnerable groups. Lastly, the severity of the impacts from
Hurricane Maria also highlighted the Island’s pre-existing physical, natural, and socioeconomic
weaknesses that were exacerbated as a result (COR3 and Government of Puerto Rico 2018;
Resilient Puerto Rico Advisory Commission 2018).

2.10ld Age

Elderly individuals often represent a group with disproportionately higher vulnerability to the
immediate and future effects of disasters. As shown in Figure 4-1, older males (65+) in Puerto Rico
experienced prolonged elevated risk of death post-Maria while other groups approached baseline
mortality risk much earlier (Andrade et al. 2018). After the hurricane, elderly Puerto Ricans have
also reported greater challenges in accessing adequate shelter, services, and supplies, as well as a
higher percentage of reporting mental health issues (Sago 2018; Burnette 2019; Wyss 2018a;
Greenbaum 2019).

It's important to note that variations within the elderly population, such as chronological age,
gender, marital status, race, education, religion, socioeconomic status, or geographic location, can
greatly affect the sociological, psychological, and physiological impacts of natural disasters.
However, research has found that increasing chronological age is strongly correlated with a
growing constellation of significant risk factors that leads to increased differential vulnerability in
the disaster setting. These factors often include physical limitations and generally more frail health
conditions; higher unwillingness to evacuate; declining cognitive abilities to process hazard
information; post-disaster psychological stress that impairs recovery; fewer economic resources to
repair damaged homes (Ngo Ehren B. 2001; F. Norris et al. 2002; Ripley 2009; Santos-Burgoa et al.
2018).

Qin | 33



1.5

1.4 4
1.3
3 12 e Male <40
% e Female <40
2 1.1
% e Male 40-64
e 1 Female 40-64
2 0.9
8 : ——Male 65+
0.8 = Female 65+
0.7
0.6

Sept. 2017 Oct. 2017 Nov. 2017 Dec. 2017 Jan. 2018 Feb. 2018

Figure 4-1. Estimated relative excess mortality from Hurricane Maria in Puerto Rico, per month, by sex and age group (Source: Andrade et
al. 2018).

Given the unique social, cultural, economic, and political contexts, Puerto Rico is aging fast, leading
to a growing risk of natural disasters severely impacting the health and welfare of the elderly
people on the Island (Downer, Crowe, and Markides 2019). The 2019 estimate of the Puerto Rican
population shows that over 20 percent are over 65 years old, and close to 40 percent is projected to
age 60 years and above by 2050 (U. S. Census Bureau 2019; Salgado and Padilla 2014). As the
younger generation migrates out of Puerto Rico, over 65 percent of elderly people in Puerto Rico
live alone and about 20 percent live with only one other person, leaving them with tenuous
caretaking support especially in the case of severe health conditions and emergencies (Salgado and
Padilla 2014). However, studies have found that more than 57 percent of the Puerto Rican
population, age 80 years or older, requires assistance with their activities of daily living, such as
food preparation, transportation, doctor appointments, socialization with others, exercise, bathing,
eating, and dressing (Fericelli 2013). Compounded with the other vulnerability factors, at least 40
percent of people age 65 and older living in Puerto Rico are below the poverty line, primarily
relying on Social Security, Medicare, and public assistance as their main sources of income (Salgado
and Padilla 2014). Loneliness, economic hardships, health, and lack of access to transportation
were among the greatest challenges Puerto Rican elderly are confronted with, multiplying their
risks in the face of disasters (Salgado and Padilla 2014; Wyss 2018a; Varney and Kane 2018).

2.2 Low Socioeconomic Status

Socioeconomic development status was another main factor in the increased mortality risk, housing
challenges, disruption to services and supplies, and mental distress post-Maria. The risk of death
was higher and persistent until the end of the study period for populations living in low
socioeconomic development municipalities (Junta de Planificacion Oficina del Gobernador 2017;
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Santos-Burgoa et al. 2018; Andrade et al. 2018) (Figure 3-1 and 4-2) . A satellite-based assessment
of electricity restoration efforts also showed that poor residents shouldered the longest power
outages as they lived in less dense, detached housing, where electricity restoration lagged,
increasing mortality and morbidity risks (Roman et al. 2019).
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Figure 4-2. Estimated Relative Excess Mortality from Hurricane Maria in Puerto Rico, Per Month, by Socioeconomic Index Category
(Andrade et al. 2018).

Studies show that socioeconomic status is a strong predictor in physical and psychological impacts
pre and post disasters. Poor populations suffer the greatest losses from disasters and with limited
access to public and private recovery assets. The poor are more likely to perceive hazards as risky;
less likely to prepare for hazards, buy insurance, or respond to warnings; more likely to die, suffer
injuries, psychological trauma, and suffer disproportionately higher material losses; and face
greater barriers during recovery (Fothergill and Peek 2004; Prowse 2003).

Before Maria, Puerto Rico had been experiencing decades of economic contraction, with $70 billion
in debt, an unemployment rate 2.5 times the U.S. average, and a 45 percent poverty rate at the time
of the storm (Schoen 2017). The hurricane further wreaked havoc on the Island’s economy,
especially for workers, small business owners, and those already living in poverty, jeopardizing the
viability of entire industries and communities (Hernandez 2018). A year after the hurricane, more
than 40 percent of the Island’s population suffered a job loss, reduced hours, or lost wages from a
business closure (DiJulio and Mufiana 2018). For many municipalities outside of the economic
bubble of San Juan, where jobs were already scarce and business slow for years, families that were
already poor were left in extreme poverty. These economic challenges had been a major driver for
the exodus of workers, which further limits these communities’ economic opportunities while
disintegrating the social fabric of communities and leaving the elderly behind.
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2.3 Remoteness

Puerto Rico’s rural mountain municipalities such as Jayuya, Adjuntas, and Utuado as well as the
islands of Culebra and Vieques were some of the last to receive aid and restore essential services,
because of their remote location and the Island’s poor roads and infrastructure (Montoya 2018;
Daub 2017) (Figure 4-3). Many of these areas also have the highest percentage of elderly residents
and poor households as young workforces have been migrating to the mainland U.S. in pursuit of
greater economic opportunities, leaving these areas on an even more difficult path to recovery
(Montoya 2018). Other studies have shown that access to urban centers stratifies the economic,
educational, and health status of communities in general (Weiss et al. 2018).
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Figure 4-3. Heatmap of average travel time to population centers of at least 50,000 individuals using local road networks across Puerto
Rico (Kishore et al. 2018).

Immediately after the hurricane, much of the aid that reached the Island could not be distributed
beyond San Juan to get to the remote areas, due to the lack of fuel, availability of drivers and trucks,
as well as damaged roads and bridges (Daub 2017; Gillespie, Romo, and Santana 2017; LaRocco
2017). For many rural communities, people did not see any government assistance for months
(Posada 2018; Agosto-Maldonado 2018).

Studies have found a strong positive association between remoteness and the length of time
without essential services (i.e. electricity, water, medical services), where 83 percent of households
in the most remote category were without electricity for the entire time period (Kishore et al. 2018;
Roman et al. 2019; Schmidt 2018) (Figure 4-4). A disproportionate share of long-duration power
failures (> 120 days) occurred in rural municipalities (41 percent of rural municipalities vs. 29
percent of urban municipalities), and in the northern and eastern districts (Roman et al. 2019).
Many of these rural communities had not been connected to the Island’s central aqueduct system
before the hurricane, relying on untested natural water sources even a year after the Hurricane
(Schmidt 2018; Daub 2017). In these remote areas, the already sparse, fragile medical facilities,
reliant on generators and running short of vital medications, were struggling to meet the needs of
the ill, frail, and elderly patients (Hennessy-Fiske 2017; Dickerson 2017; Mazzei 2019). These
service interruptions had led to high levels of public health risks and severely hampered the
recovery process in the remote areas of Puerto Rico.
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Figure 4-4. Number of days without basic services in relation to remoteness and disruption of medical services (Kishore et al. 2018).

3. Community Action and Disaster Resilience

Throughout my fieldwork in Puerto Rico, nearly every person [ met shared a story of helping out
after Hurricane Maria, either individually or as part of a collective effort outside of the formal
disaster management arrangements. In response to the vast challenges after Maria, citizens
volunteered to offer their time, knowledge, skills, and resources to help each other; while new
community grassroots groups also emerged along with existing organizations to extend or pivot
their services to meet people’s needs after the Hurricane. These emergent citizen groups often
appear during the emergency phase of disasters, while others extend to preparedness and recovery
phases (Stallings and Quarantelli 1985). Post-disasters accounts from around the world and
research have shown that disasters do not reduce the capacities of individuals and social structures
to cope but rather present new challenges; strong social networks and structures have shown to be
a driving force in addressing these challenges (Aldrich and Meyer 2015; Whittaker, McLennan, and
Handmer 2015; Dynes 1994). These emergent citizens and community groups demonstrated
tremendous adaptability, innovativeness, and responsiveness in the face of crisis (Dickerson 2017).
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In Table 4-1, [ summarize a collection of community-oriented response and recovery initiatives that
[ was able to either directly participate, visit the project site, or interviewed a project
representative. As local governments and federal agencies struggled in the aftermath of the
hurricane, these initiatives, primarily led by CBOs and NGOs, have been a major force in lifting the
communities of Puerto Rico out of the devastation from Maria and preparing them for future
disasters. Coming in various shapes and forms, and mobilizing citizens from across the Island, these
community-oriented initiatives shed light on the importance of engaging and empowering citizens
and community grassroots organizations in surviving a disaster’s immediate destruction and for
building long-term resilience. These initiatives can generally be grouped into the following by their
objectives. The distinction between a response and recovery phase is sometimes blurred as the
impact of the hurricane was prolonged especially in vulnerable communities.

1) Special services: community-led services (i.e. community kitchen, healthcare services, and supply
deliveries) to provide direct assistance to those most in need within the community.

2) Community mapping and planning: efforts to document detailed community vulnerabilities and
resources such as demographic information, socioeconomic data, medical history, etc., to plan for
disaster response and recovery efforts.

3) Community programming: communal activities to build a sense of community, such as parties,
summer camp, recreational opportunities, and others for particular demographics such as the
seniors.

4) Resilience hubs: communal spaces that provide services such as energy, water, shelter, laundry
in the event of an emergency, as well as host activities that help build long-term community
resilience, such as training, community garden, etc.

5) Digital volunteerism: activities completed, in whole or in part, remotely via the internet that
contribute either as individuals or within networks or organizations to the response effort, such as
mapping damaged infrastructure, linking citizen responders with victims.

6) External direct assistance: aid in the form of financial support, supplies, repair/rebuild,
temporary housing, etc. from external entities such as volunteer groups, government agencies, and
philanthropic entities to help disaster response and recovery.

7) Education and training: programs to help individuals and organizations obtain, improve, and
retain skills, knowledge, tools, equipment, and other resources to improve their capacities in
response to disasters.

To better understand how these initiatives contribute to building disaster resilience on the Island, I
conducted interviews, group interviews, and participatory observations to examine the
characteristics, motivations, and processes of citizens and community organizations that responded
to Hurricane Maria.
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Table 4-1. A collection of initiatives led by CBOs and NGOs to help communities respond and recover after Hurricane Maria.

Entity Type Initiatives

COSSAQ, Utuado CBO Free health clinic and community health workers

Community mapping and information management

Agriculture program for food security, employment, and education
Disaster response (cleanup, distribution of supplies)

ACUTAS, Toa Baja CBO Community kitchen and food delivery
Training and educational programs
Community mapping and survey

CAM Las Carolinas, CBO Community kitchen and food delivery
Caguas Senior center and programming
Community garden, market, event space

Center for CBO Resilience center equipped with solar microgrid, shelter, washing machines
Transformation, Humacao Community mapping and emergency planning

Training and educational programs

Recreation and event space

Resilient Power PR NGO (PR) | Community solar hubs

Web-based Information platforms on community vulnerability, solar energy incubation,
and impact investing

Advocacy for local leadership

ConnectRelief NGO (PR) | Online platform that deploy volunteers to survey post-disaster situation and local needs
to connect with resources

Para la Naturaleza NGO (PR) | Capacity building for CBO leaders
Grants for installing solar and water infrastructure

Fundacién Comunitaria NGO (PR) | Fiscal sponsorship for smaller nonprofits to receive donation
Grants and capacity building for communities to strengthen capacities

Foundation for Puerto NGO (PR) | Resilience plan and increase local capacity in their decision-making processes
Rico Small business support
Disaster relief funds and supplies

Hispanic Federation NGO Grants and capacity building for communities
Disaster relief assistance

All' Hands and Hearts NGO Repair damaged homes in communities with volunteers from around the world

Mercy Corps NGO Grants and capacity building for communities to establish resilience hubs with
emergency response capabilities
Community mapping and emergency planning

Humanitarian NGO An online platform where volunteers can help trace physical features based on satellite
OpenStreetMap images and other geographic records
CrowdSource Rescue NGO An online platform that connects citizen responders with victims using crowdsourcing
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3.1 Citizen Action

After Maria, people from across the Island as well as outside of Puerto Rico volunteered their time,
knowledge, skills, resources in response to the aftermath of the hurricane, to fight for their own
survival and to help their fellow citizens in need (Dickerson 2017; Posada 2018; Alicea 2018;
Whittaker, McLennan, and Handmer 2015). Accounts from the field help illustrate the power of
citizen actions in responding to a crisis and the drivers that led them to rise up to the occasion and
sometimes to build long-term engagements. Their actions and engagements vary due to a variety of
drivers, including their close ties with those in need, the opportunity for self-actualization, a path
for empowerment, and a sense of community and hope for the future.

3.1.1 Close Bonds and Proximity as Informal Insurance

Highly valuing family, community, and social unity, many Puerto Ricans immediately went to help
their families, friends, and neighbors that they share close bonds and proximity with to get through
the hardships post-Maria. These stories were particularly common in remote, rural communities,
where disruptions to services and supplies were delayed for extended periods. When asked what
helped them to get through the difficult times after Maria, many said it was their family and faith.
The strong connection — known as bonding social capital — between individuals who share similar
identities, such as demographic characteristics, attitudes, and religion, is a common form of
providing social support and personal assistance as a form of informal insurance in times of need
(Hurlbert, Haines, and Beggs 2000; Aldrich 2012).

Although Puerto Ricans are family-oriented and try to support each other in difficult times, as
young people move away from communities to urban centers and the continental U.S., many direct
relatives are unwilling and/or unable to support the elderly, diminishing their social capital as a
form of coping capacity (Fericelli 2013). In response to the societal shifts, especially in remote,
disadvantaged areas, community members extend their support through their local church groups,
neighborhoods, or CBOs to care for the elderly who have little support from their own families
during crises.

For example, after Hurricane Maria, many residents from the mountainous town of Mamayes,
Utuatdo, went to help their elderly neighbors and emphasized the importance of such acts of
kindness in their community. One woman shared her experience helping a blind senior neighbor
mark and organize things after Maria and remarked, “It was a magnificent experience.” Another
woman had been helping a 92-year old woman for two years and she shared with the group, “I
learned a lot from her. We are going to arrive at this point in old age. We need to learn; take care of
the elderly to set examples for our children.” Another young couple, active youth leaders of their
local church chapter, reported helping their 91-year old neighbor on a regular basis, and a few
times to take him to the hospital. Grounded in their beliefs that the “spiritual fruits” of love, peace,
and patience are central to their lives, the husband shared, “Little by little, we can make society
better and encourage others to participate. When I help others, I myself become better. I feel great.
It's a beautiful experience.”
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3.1.2 Self-Actualization through Volunteering

After Maria and the earthquakes in January 2020, professionals and students from the urban
centers and even from outside of the Island went to the most affected areas to donate and deliver
essential supplies, participate in cleaning and rebuilding, and conduct on-the-ground research and
data collection. For those less affected and coming from outside of the Island, the process of helping
those in need was considered an important coping mechanism and part of a self-actualization
process in the face of a sweeping societal catastrophe.

C] is a young professional and entrepreneur based in the metropolitan area of San Juan. After
spending 6 years pursuing an advanced degree and professional experience in the mainland U.S., he
moved back to the Island in 2017. Nine months later, Maria changed everything. Without power or
the internet, he could no longer continue his technology company. After contacting a local NGO, he
loaded up his jeep and went to the mountains with his wife to deliver supplies. Some of the
communities they went to hadn’t had water for two weeks. Along with his friends Gustavo and
Luciano, they also conducted surveys and interviews across the Island to better understand the
needs of communities. When asked why he took on the work, C] replied,

“I had it good compared to most people. I did it because it felt good. I shouldn’t sit at home and
feel bad for myself. I learned lots of new skills in the process. At that time, I also experienced a
major personal loss. The hurricane was like a nuke. Bringing water bottles to those in need
gave me something to do and I felt like I made a small impact.”

In July 2019, I joined 60 other volunteers in Yabucoa for a week as part of a volunteer-powered
disaster relief program to repair damaged homes with the organization All Hands and Hearts. These
volunteers, largely young people who traveled to the Island from around the world, stayed in the
camp sharing bunk beds and simple meals and worked hard, long days for weeks up to many
months. Through my conversations with the volunteers to the staff, almost everyone came with the
idea to help the disaster victims but left with realizations that they were the ones being helped as
they gained new perspectives in the process. Many expressed profound gratitude in finding new
meaning through forming connections with fellow volunteers and homeowners they had worked
with, learning brand new skills, as well as being able to help someone regain hope for the future.

Francisco, a young social science researcher from the University of Puerto Rico and experienced
community organizer, shared with me his secrets of effectively empowering and engaging
volunteers. Francisco relied on community volunteers to help run the Center for Transformation, a
community center in Humacao that was established after Maria in response to the community’s
need for emergency facilities such as power, shelter, and laundry services as well as a communal
space for gathering and learning. He told me,

“I was working with over 50 volunteers of all ages and professions at the center. It’s important
to recognize that we can’t treat them all the same. The high schoolers, university students, and
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the seniors of the community are very different. Give them interesting tasks to do. Let them
choose. If they don’t know how to; it’s ok; teach them. Give them the spotlight and recognition.”

3.1.3 Empowering the Vulnerable through Participation

The elderly and women often face various challenges in a disaster setting. However, across the
Island, the elderly and women have been the backbone in community efforts in disaster recovery.
Many older adults, who no longer engage in formal employment, have been most active in
community-centered projects across Puerto Rico. Studies have found that elder-led community
projects not only empower the elderly but simultaneously build social bonds that contribute to
community resilience to future crises (Aldrich and Kyota 2017). Normally the heads of the
household, the mothers, the ones caring for others, women in Puerto Rico, who started with their
efforts to care for their own families and neighbors in the wake of the hurricane, took on key
leadership roles in organizing and providing support to the greater communities (Acevedo 2019).

Two years after Hurricane Maria and in the midst of a series of earthquakes in January of 2020, |
spoke with a group of seniors at CAM in Las Carolinas who shared with me their challenges of living
with limited support on an island prone to disasters and their engagement with CAM. Doiiita, 80,
lived with her husband in the barrio (neighborhood). One day she arrived home to find her husband
had fallen. “I had to take him to the hospital in an ambulance alone. And for the days that followed, |
had to be there all day. When I did get home, I'd fall asleep in front of the TV,” she told me. “My
daughter is also sick and my son is too busy.” She then cringed with anxiety, telling me that the
non-stop trembles from the earthquake these days were bringing her back to the terrors of Maria.
Miguel, 86, was only able to take a break a few times a week from taking care of his spouse who had
Alzheimer’s. He was the only person to care for her, who needed supervision 24/7, and there was
no freedom for him to do other things. Christina, 77, lamented that it was impossible for most
people to use any senior facilities as the price would be completely out of reach for most people.

That was why CAM'’s free senior programming, aptly named EI Nuevo Amanecer (The New Dawn),
had been so indispensable for the community’s elderly to be able to have each other’s company and
share laughter despite the hardships. Many of these participants of CAM’s Nuevo Amanecer
program, were also active volunteers at the center, as chefs who cooked at the community kitchen,
artists who taught their peers and children how to make handicrafts, and chauffeurs who delivered
food to those in need. During my visit, they proudly and patiently showed me all the pieces of
handicrafts they made, from pottery flowers to pen holders to animal sculptures made from
recycled bottles. Nothing made these abuelitos (grandparents) happier than seeing people loving
the food they made.

However, due to the lack of public transportation, which they thought were “malisima” (the worst),
not everyone could come to the center. When asked if they’d like visitors, everyone nodded. Sara,
who had a vision impairment and could barely leave the house without help or someone giving her
a lift, beamed with a smile and said, “I'd love it if they could come in the morning and stay as long as
they can.” They told me that it would be even more important to have someone visit them in case of
an emergency such as an accident or a disaster, as they were often too nervous to even make a
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phone call under such circumstances. Even though facing extreme hardships and an uncertain
future, these seniors, dearly referred to as the “jovencitos” (the youngsters) by the younger staff at
the CAM, radiated with strength and optimism.

3.1.4 Long-Term Engagement Beyond the Crisis

In the immediate aftermath of Maria and the earthquakes, many emerged as volunteers and citizen
groups during the emergency phase to help with tasks such as assessing damages on the ground,
delivering food and supplies, cleaning up debris, and coordinating collective actions. Most
eventually returned to their normal life after some months, while some continued to engage in
community-centered activities that contribute to long-term community resilience. People who
continue to engage beyond the crisis phase are often closely associated with the local groups, whose
mission aligns well with their own goals, values, skills, or knowledge, bringing them a deep sense of
community and belonging. To engage the youth, who are the hope of communities, it is important to
help bring long-term economic prospects so that they can stay in the communities where they are
deeply connected with.

Having been in the construction business since 1995, David from Utuado was one of the residents
that stepped forward to help with the post-Maria cleanup and continued to actively engage in
COSSAOQ’s community work as the organization looked to restore an abandoned coffee factory to
become a resilient center. Whenever COSSAO needed a hand, David was a phone call away and
showed up in his truck ready to help. When asked about his volunteer experience, David smiled and
told me,

“Although we often stayed past midnight clearing the streets and working with bad machines,
there were many experiences I had never felt at work before. These experiences after Maria
made a huge impact on me. The most beautiful thing was to see an elderly person finally get
out of the house after the road was cleared. There were many times people would ask me to
get off my truck to give me a hug and blessings. For months we didn’t see a government
machine on the ground. Little by little, we worked hard so that everyone could get out of their
house. We finally saw white lines after white lines on the roads again.”

For the community youth, many wanted to help but they were more concerned about the prospects
of staying in their hometown with few jobs available at the moment. Some of the youngest at the
local church chapter in Utuado, Julio (23), Deyaneira (24), and Sebastian (18) juggled work, study,
family, and study. It's also a challenge for them to manage their time but they were all eager to help
their communities on the weekends. They were proud of the quality of the people in their
community and want to be part of the force that makes it better. For them, community programs
need to first empower the community and people. Deyaneira, who is studying to be a nurse, told
me, “My dream is to stay here, where I can have professional opportunities, good education for my
children, and good quality of life.”
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3.2 Community-Based Organizations

As citizens rose up in response to the hurricane’s impacts on their communities, many of them
formed new CBOs to continue meeting the needs of their fellow residents and preparing for future
disasters. While for existing community groups, nearly all of which reinvented themselves to
meeting the new humanitarian crisis and added disaster resilience as part of their long-term
agenda (Agosto-Maldonado 2018). These CBOs share similar objectives but are very much tailored
to their own communities’ needs and dynamics, as seen in Table 4-1. Offering essential services for
their communities, the success of these CBOs is vital for building long-term community resiliency
for the Island, confronted with more severe and frequent natural disasters like hurricanes.

CBOs often function as the convening force that brings community members across social groups
together, playing the important role of bridging and linking social networks that connect
individuals with others outside of their immediate circles and with those in positions of power
(Aldrich and Meyer 2015; Aldrich 2019). Examples from Puerto Rico as well as in other
post-disaster situations have shown that communities with higher levels of bridging and linking
communities were more likely to recover from disasters. Communities with higher levels of
bridging capital, often in the form of CBOs, are more efficient in rebuilding after disasters, as these
organizations can help strengthen trust across the community and facilitate new norms about
compliance and participation to get over the “collective action problem” (Aldrich 2012). In addition,
communities with high levels of linking social capital, a vertical connection such as that between a
community member and a disaster management agency representative, are critical to accessing
resources and information that can not be found locally. This type of connection is particularly
important for disadvantaged communities as even the best internally connected local communities
lack the resources to respond and recover following a major disaster (Aldrich 2019).

However, many of these CBOs in Puerto Rico today, especially the new ones, often run by
volunteers, struggle to sustain their mission with limited operating funds, small staff, and sporadic
training opportunities (Serlin 2019). Accounts from the field suggest that the success and longevity
of these CBOs in Puerto Rico often depend on the presence of individual leadership, experience and
capacity, and the level of horizontal and vertical social networks (Aldrich 2012).

3.2.1 Individual Leadership as the Engine

The CBOs in Puerto Rico are often started by leaders who are well trusted and respected from
within their own community in response to some widespread, salient needs people face, such as
disaster response and recovery in the case of Maria (Posada 2018; Rios 2017). Similar to the other
citizen groups, these CBOs are often small, relatively flat, and not very complex, with a handful of
active core members supported by a larger group of members who can be mobilized for specific
tasks (Whittaker, McLennan, and Handmer 2015). Most of these members are local residents who
have an intimate understanding of the needs, resources, culture, and social dynamics within their
community. The few core members of the CBOs play major roles in marching the organization
forward, from fundraising to organizing activities to building partnerships with government
officials. Rarely through paid positions, these core CBO leaders demote large blocks of time to the
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group while upholding their other responsibilities such as their formal employment and caring for
their own family. These leaders often have to make significant sacrifices for the communities as
they deal with personal challenges and losses, especially in the wake of disasters.

Maria is one of the presidents of ACUTAS in Toa Baja, where her community suffered unimaginable
losses from flooding during the hurricane, as many of the homes were built without permission in a
low-lying area close to some canals. Maria recalled the harrowing scenes of floodwater swallowing
people’s homes in her community. With their homes damaged by floods, many had no place to
shelter. At the time, accounts of violence and assaults started to spread in the community. Maria,
whose house had a second story that was not covered by floodwater, invited her neighbors to stay.
She described the terror she experienced every time someone would knock on her front door,
worrying that burglars would break in. It was in her house as people gathered and shared the little
resources, ACUTAS was formed.

For days and weeks, people had no access to power or running water, while suffering one humid
day and night after another. They had no way to even take a shower or wash their clothes. There
was no government assistance insight. Left with no choice, Maria, along with several other women
from the community, broke into their local school, where they were able to access running water
and started a community kitchen to deliver food to the hungry residents. Nearly two years after the
hurricane, Maria couldn’t help but start to tear up as she recounted the many nights when she took
her son to help her deliver food to the community residents. “I was scared that something could
happen to us. It was all dark. By the time when the shift is over, I'd turn around and look over the
backseat,” Maria shared with a sigh of guilt as a mother, “my son always had fallen asleep already.”

3.2.2 Experience and Capacity Gap

For emergent CBOs, either newly formed or pivoting their services in response to the hurricane, as
they grow, most take a trial-and-error approach in their first efforts. Most organizational leaders,
many of whom had little prior experience running organizations, had reported challenges as they
learned how to mobilize community members, navigate levels of political bureaucracy, manage
funding partnerships, and the plethora of many challenges of running a nonprofit.

Studies have found varying degrees of capacities, knowledge, and experience with disaster
management, as well as access to funding and resources across community groups on the Island
(Sledge and Thomas 2019). For these emergent groups, coordination and service delivery
challenges have been prevalent in response to Maria, which was severely hampered by effective
information management both within the community and with outside entities. Without a reliable
information system to coordinate efforts across the entities, people reported: “an enormous
duplication of efforts, wasting money and resources” (Sledge and Thomas 2019)

Recognizing the need to improve disaster information, many CBOs initiated projects to map their
community’s needs and resources in detail, in order for them to deliver help to the right places and
better plan for future disasters. For example, for over six months, the four presidents of ACUTAS
went to hundreds of households to collect information about their socioeconomic status, medical
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conditions, as well as needs for supplies such as food and water. They then transcribed paper
surveys to notations on a large printed Google satellite basemap (Figure 4-5). For small towns in
Puerto Rico like the one where ACUTAS is located, the information on Google Maps is either
outdated, incorrect, or nonexistent. In Puerto Rico, the lack of a consistent mailing address system
makes the project even more complex using a universal basemap like Google. House by house, they
wrote down house numbers, used colored dots to indicate the presence of particular demographic
groups (e.g. children, elderly, and bedridden), and corrected the wrong street and landmark names.
Given the changing nature of community information, with only four people managing the
information system, it became an impossible task to keep updating the paper map. When I visited
ACUTAS in late August, the community leaders shared with me their attempts to update the map in
preparation for the imminent landing of Hurricane Dorian, as they realized that the marked-up map
was two years old and probably no longer useful. The effort was eventually abandoned due to the
amount of work and lack of hands.

g 1 i i T

Figure 4-5. A community map developed by ACUTAS, Toa Baja, that uses Google Maps as a hase. The staff used stickers to indicate the
status of each household, added house numbers, and corrected mislabeled information, such as street names and points of interest.

Similar efforts to map community information were reported at COSSAO, CAM Las Carolinas, Center
for Transformation, Yabucoa, and the 16 communities that were part of the Mercy Corps Resilience
Hub project, tapping into the power of community knowledge and social networks. While in some
other communities, some CBOs created their own file system to record residents’ medical histories.
All of these community mapping efforts were initiated and managed by CBOs as part of their
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disaster resilience-building efforts, presenting opportunities to bridge the disaster information gap
for citizens and communities. However, these emergent community mapping efforts have not been
integrated into the formalized disaster management systems on the Island.

3.2.3 The Duality of Social Networks

The level of social networks of CBOs is a driving engine for the viability of the organization and the
long-term resilience of the communities they represent, especially against the backdrop of the
fast-changing political and philanthropic landscapes of post-Maria Puerto Rico. Before Hurricane
Maria, Puerto Rico had rarely been on philanthropy’s radar. A 2018 report estimated that funders
provided more than $375 million for disaster relief for the Island, more than 60 times the amount
Puerto Rico had received annually in previous years (Petrovich 2018). Nearly two thirds of the
funding came from the Puerto Rican diaspora, demonstrating the power of social networks at large
in the Puerto Rican community. Donors were also reported to favor local organizations while some
used local foundations as intermediaries and fiscal sponsors for the newly established CBOs.

However, for local community groups, to access the funding and support has not been
straightforward or easy, as the duality of social capital comes into play, where social capital
sometimes can reinforce existing inequality and slow down the recovery for some of the more
marginalized community groups (Acevedo 2019; Aldrich 2012). Based on my conversations with
donors, NGOs, researchers, and CBO leaders, without reliable information on community needs,
almost two years after the hurricane, there was not a systematic approach or clear standards for
deciding how to allocate the funding and resources that so many communities were in dire need for.
The primary drivers have generally been pre-existing relationships between communities or
individuals with the donor or project sponsors such as large international NGOs. While donors
looked to help, they were also asking for accountability, which often led them to resort to the more
established organizations or communities, leaving the already disadvantaged, less connected
communities and CBOs with even less support.

Additionally, throughout my conversations with community leaders, the political complications and
bureaucracy with the municipalities were also reported as a major obstacle in obtaining their
501(c)(3) status as well as permits to use the public spaces to run their programs. Without the
501(c)(3) federal status, which had not been a requirement because people don't file federal taxes,
local groups either had to rely on bigger, registered organizations or miss the funding opportunity.
“It’s essential for the government to connect to the community groups in order to break through the
barriers that bureaucracy, corruption, and political agendas have built after this recent natural
disaster. These have not only become a waste of funds but also created a greater division between
the people and the government aid agencies,” commented the Operations Director from one of the
largest donors to the Island (Hispanic Federation 2019).
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CHAPTER 5: THE COSSAO COMMUNITY HEALTH PROMOTER
PROJECT

1. Overview of Utuado and the Impact of Maria

In the central mountainous municipality of Utuado, Puerto Rico, I conducted interviews, group
interviews, and participatory observations in January 2020 in collaboration with the Corporacién de
Servicios de Salud Primaria y Desarrollo Socioeconémico El Otoao (COSSAQO) (Corporation for the
Health and Socioeconomic Development of Otoao), a community-based nonprofit organization that
emerged as a leader in building community resilience after Hurricane Maria. This case study of
COSSAO seeks to capture the strength and resourcefulness of the community in their efforts to
adapt to the post-Maria reality.

The region where COSSAO is located was among the hardest-hit areas struck by Hurricane Maria
(Farinas 2018). This part of the Island is exposed to an extremely high rate of landslides due to the
soil type that is susceptible to impacts from heavy rainfall and flooding from hurricanes
(Bessette-Kirton et al. 2019; Hernandez Ayala et al. 2017)(Figure 5-1 and 5-2). One of the most
remote and difficult-to-access areas, the region did not receive local assistance more than 10 days
after the event, and it was 42 days before the federal government provided any aid to the residents
(Milman 2017).

Tk

Figure 5-1. Damaged homes near a washed-out road in Utuado, Puerto Rico, on October 3, 2017 (Photo: Eric D. Woodall/US Coast
Guard/AP).
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Figure 5-2. (A) Topographic map of Puerto Rico showing the storm track of Hurricane Maria. (B) Relative density of landslides mapped
from the rapid classification of satellite and aerial imagery and site visits following Hurricane Maria. In the central mountainous region,
Utuado suffered massive damages from landslides (Bessette-Kirton et al., 2019).

Pre-disaster conditions such as neglected infrastructures, i.e. roads, water, sewage, energy,
telecommunication, and healthcare, exacerbated the damage caused by Hurricane Maria (Holladay
et al. 2019). Some communities of Utuado had not had potable water or electricity for as long as 15
years. According to the 2019 census data, over 50 percent of the population in Utuado liveD under
the poverty line and over 22 percent of the population were over 65 years old, presenting
additional social and economic vulnerability of the region (U. S. Census Bureau 2020). Utuado was
among the municipalities that suffered the highest percentage increase in crude mortality rates in
the six months after Maria (Andrade et al. 2018)(Figure 3-1).

2. COSSAO Background

The effects of Hurricane Maria coupled with the long history of marginalization and lack of
government support led to the transformation of COSSAO, catalyzing social change for the
communities. In 2013, COSSAO was created with the idea of reviving the local economy by
providing resources to small business owners. In the wake of Maria, COSSAO reinvented itself with
a holistic sustainability vision to improve the socio-economic status and health of community
members while building capacity for disaster resilience (COSSAO 2019). The organization’s
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leadership and volunteers mobilized much of their own financial and human capital and worked
hard to clean up debris, stabilize infrastructure, construct a community primary healthcare center,
create agricultural programs, and initiate community disaster preparedness and resiliency projects.

Tito, president of COSSAO and a native of Utuado, had been instrumental in trailblazing new paths
for the organization and the communities it serves. A former college basketball athlete and an
engineering graduate from the University of Puerto Rico Mayagiiez, Tito is a towering figure,
literally and figuratively. Gregarious and speaks with a sonorous voice, Tito is impossible to miss
(Figure 5-3). Aside from COSSAO, Tito is also a husband and father to two college-age daughters and
owns a gas station and a colmado (convenience store) in the town of Mameyes. Tito worked around
the clock; one would likely find him either in meetings with COSSAO staff or on the phone trying to
make a connection, solve a problem, or respond to a resident’s need.

When Maria hit, he brought the communities together and led the disaster recovery that is still
ongoing today. On the first day after the Hurricane, he walked for 12 hours through 10 miles of
fallen trees and debris to town in order to get the rescue work started. Sometimes having to ration
food and work with broken machines, many people from the community volunteered and worked
long days for weeks to clear the roads and stabilize the infrastructure with their own hands and
resources. Many of these volunteers continued to actively participate in COSSAQ’s various projects
and initiatives.

Figure 5-3. The Community Health Promoters Project staff with the President of COSSAQ (last row) in their office in January 2020.
(Photo: Yiyuan Qin)

Today COSSAO provides services to over 8,000 people across 5,000 households in seven
communities in the region: Frontdn in Ciales, Mameyes Arriba in Jayuya, and the Caonillas
communities, Don Alonso, Tetuan, and Mameyes in Utuado. As of 2019, COSSAO was running or in
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the process of implementing 18 projects and initiatives across four thematic areas, including health,
socioeconomic status, education, and what they call “autogestion” or self-dependence (Figure 5-4).

COSSAO is governed by a Board of Directors of 11 members. The board members are elected every
two years by the residents of the barrios that COSSAO serves. 21 paid staff and over 50 local
volunteers support various events and initiatives of the organization. In response to COSSAQO’s
commitment to the sustainable development of the local communities, COSSAO hires exclusively
from a pool of applicants from the region they serve.

Now an organization dedicated to its goals of
improving the socioeconomic status, health,
education, and self-dependency ("auto-
gestion”) of local residents, COSSAQ
collaborates to activate the following projects
and initiatives:

Hurricane
Maria Hits
Puerto Rico
09/20/2017

> Community Solar Energy Program

> Barrio Mameyes Community Clinic

> Community Health Promotors

> Antonio Tulla Torres Agricultural Project
> Hacienda Tetuan Center of Agriculture

COSSAOs center of
administration finds

a home in Mameyes
of Quado

COSSAQ is
founded to provide
support for local
businesses

In the wake of Maria, disaster

management strategies,

including debris clean up and .

distribution of supplies, are As COSSAQ is increasingly recognized for their

gmed outin the I’;eawl'y contributions and accomplishments as a

impacted communites of Utuado community-based organization, their network and
budget expands significantly to continue

developing their current work and to pursue the
following projects, initiatives and certifications:

> Puerto Rico Community Pre paredness and
Resiliency Initiative

> Community Electronic Library

> FEMA CERT Certification

> Vertical Gardens

> Barrio Mameyes Community Water Well

Figure 5-4. A timeline demonstrating the evolution of the projects, initiatives, and certifications along with future plans for COSSAQO
(COSSAO, 2019).

3. The Community Health Promoters Project

With funding and support from Heart to Heart International, global humanitarian organization,
COSSAO developed a community-based primary healthcare model in 2018, which includes the
Proyecto de Promotores de Salud Comunitarios (Community Health Promoters Project) and a
primary health clinic. First of its kind in Puerto Rico, this community-based approach to healthcare
has become an essential part of the community’s response to the impacts of Hurricane Maria in the
region, as disruptions to medical services were among the most common causes of post-hurricane
deaths (Kishore et al. 2018). Before COSSAO established its community clinic in Mameyes, Utuado,
people had to travel an hour or more for healthcare, even for minor issues (Allen and Pefialoza
2019). The community health clinic provides healthcare services for free to all seven barrios,
including a pharmacy, an ambulance, primary care, pediatrics, dental care, and physical therapy.
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The Community Health Promoters Project (CHP) consists of four components: public health,
physical health, mental health, and community issues (Figure 5-5). The CHP is run by seven paid
health promoters, one for each community, along with one supervisor and one project coordinator.
With experiences as social workers, nurses, and medical technicians, the health promoters, mostly
women between ages 20 and 50, all come from the communities that they serve and go through
extensive training in healthcare and community participatory strategies through workshops and
practical experiences (Figure 5-3).

Surveying y :
Popular Education Mental Health First Aid

Public Health Fundamentals Crisis Management

Health Promotion Gender Violence
Pandemic Flu

Dengue Virus Child Abuse
Social Determinants of Health Elderly Social Isolation
Mapping Strategies Child Abuse
Epidemiology

Emergency Preparedness

Risk Communication

Chikungunya

Vector Care

Physical First Aid

CPR
Vital Signs

LGBTTQ+ Population Phy5|ca| Child and Teen Health

. HIPAA
Volunteering Health Medication Management

CERT Oral Health
Nutrition

Woman's Health and Nutrition

Chronic Disease Management

Gerontology

Ulcer Care

Clinical Aspects of Dementia

Figure 5-5. The thematic services provided by the Community Health Promoters Project of COSSAO (Heredia-Morales et al. 2019).

The health promoters survey social and health necessities, provide referrals to the community
clinic or governmental agencies, distribute care packages and water filters, promote community
health education and activities, and companionship to those that live alone. The health promoters
work full time to serve over 5,000 households in the area and are prepared to respond to
emergency situations. Since the establishment, they have delivered over 200 water filters, more
than 300 care packages (food, clothes, diapers, toys, hygiene kits), and provided more than 200
referrals for physical and mental health services (Heredia-Morales et al. 2019).

3.1 Family Visits and the Roles of Community Health Workers

The primary form that the health promoters serve the communities is through family visits. For
four days a week, each health promoter visits 10 to 15 homes in their designated community each
day from 9 am to 3 pm. Each family visit takes around 30 minutes, but can often last significantly
longer depending on the individual circumstances. For the last hours of the day and every Friday,
back in the COSSAO office, they enter and manage the data they collect during the week into a
computer-based system. Each health promoter has a planned route to follow and they can rotate
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through all the households in their community in about six weeks. For households that require
more intensive care, they make a note to check up on those more frequently. Overall, their work
routine can vary considerably week by week, when extraordinary circumstances arise in the
community such as accidents or serious health issues, or when other organization-wide events
require their attention such as training with visiting medical doctors.

When health promoters go on family visits, there are two main objectives: the first is to register
new cases and gather socio-economic and health information about the family members; and the
second is to carry out health and wellness checkups, information updates, and other missions the
project is working on, such as recording emergency needs post disasters. During my research, I took
part in eight family visits as an observer with two different health promoters accompanied by the
program supervisor on two different days. For privacy concerns, the names of community residents
were omitted in the case study.

On a typical day, the health promoter checks in at the COSSAO office in Mameyes around 8 am, picks
up her paperwork (forms, maps, and other promotional materials), changes into the health
promoter uniform, and promptly gets on the road in her personal vehicle to go through the day’s
route in her community. Throughout the day, a health promoter plays a multiplicity of essential
roles for the families and community they support, including community information surveyor,
primary care provider, educator, companion, and many more. For the six hours on the road, she has
a plan of the families she will visit, marked on a hand-drawn map and a checklist. When she arrives
at a family’s house and as soon as she parks her car, she announces her arrival — a health promoter
from COSSAO — loud and clear and waits for the family to respond.

When it's a new family, they often have already heard of COSSAO from their neighbors and friends
and are happy to be part of this free community service. The health promoter provides educational
materials, explains the different healthcare services COSSAO provides, walks the family through the
forms and confidentiality agreement, and fills the form by hand (Figure 5-6). Each family shares one
form and is given a code number for confidentiality. The form documents the socio-economic
information of the head of the household, such as income, education level, access to essential
services, as well as health conditions of each family member, including vitals, illness, and access to
medical care.

If it’s a family that she has visited before, they are often already waiting for her arrival. They greet
the health promoter warmly and catch her up on the latest family news and neighborhood
happenings. This is often how health promoters find out about the arrival of new families, the
departure of residents, and other information that could help them better understand the
community’s needs. The family brings coffee and treats as she sits down to check in on their current
health concerns, particularly if they have a member that needs special care, such as an elderly, a
bedridden person, or others with mental or physical disabilities. She visits these families on a more
regular basis.
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Figure 5-6. The Community Health Promoter Project family information registration form page 1: socio-economic information, access to

essential services, and health condition of the head of the household.
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Figure 5-7. The Community Health Promoter Project family status survey on essential services and structural damage after the
earthquakes in January 2020.
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If there are no concerns at the moment, she asks a member of the family to sign off on her
registration sheet of the day. If there are new health issues within the family, she takes detailed
documentation on their family registration form. Depending on the urgency and gravity of the issue,
she either sends a medical technician to the house or makes a referral.

During extraordinary circumstances, such as when a disaster or emergency happens, the health
promoters survey the status of the family and if they have any outstanding needs such as food or
water due to the disaster. For example, after the earthquakes in January 2020, COSSAO created a
new form for health promoters to record any structural damages and disruption to essential
services in the homes they visit (Figure 5-7).

In addition to serving as the community’s bridge to appropriate healthcare, the health promoters
also serve as a confidante and companion, especially to those that have tenuous familial or social
support. For example, we visited a 94-year-old veteran and retired carpenter and school bus driver
of his community. He lived in a one-bedroom house by himself. He had many children but no one
visited or took care of him. He had no formal income and lived on food given by his neighbors, nor
could he drive anymore. COSSAO health promoter Rose was the only one that came to check on his
health every few weeks. He brightened up when we arrived at his house and offered us all he had in
his fridge at the time. Rose patiently listened to him tell her the same stories from his youth every
time she came to visit. Based on their interactions, Rose believed that he was likely suffering from
Alzheimer but there was no access to formal diagnosis for appropriate care in the area at the time.

The health promoters also play an important support role for the families’ caregivers, which is often
carried out by women, who experience greater levels of depression, frustration, and stress,
compounded by the physical strain of caregiving (Family Caregiver Alliance 2006). Of the eight
families we visited, there were three with individuals whose mobility was challenged due to old age
or illness, and one family had young children. Two of these families only had one caregiver: one
elderly woman in her 70s to her 90-year-old mother who was bedridden and deaf, and one wife to
her 80-year-old husband who suffered from Alzheimer’s and relied on a wheelchair due to knee
problems. Both caregivers shared stories of taxing, repetitive work and its strain on their bodies
and minds. It was especially hard for them during the time of earthquakes when the patients
needed to be moved outside of the house on short notice for safety reasons. The health promoter’s
presence was an important channel for them to find solace and support.

All the health promoters at COSSAO are from the communities they serve. With the trust they have
from communities and their knowledge of the area, in the face of community traumas, the health
promoters help bring the community together in solidarity and shared grieving. During one of our
family visits, a mother of three young children, who recently joined the COSSAO program, shared
with us the suicide of her neighbor, also a mother of two young children, a few days before. The
event was a shock to her as she described the event and her worries for the children left behind.
The health promoters stayed with her as the woman showed them a memorial video that the
community put on social media. Before leaving for the next family, the health promoters made sure
that the woman knew how to get in touch with them if help was needed. The health promoters
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shared with me another story of a dynamic young woman in the community who was diagnosed
with cancer. The health promoters not only had been helping take care of the woman, but they also
helped promote a fundraiser and group on social media to bring the communities to show their
support as she battled cancer.

Lastly, the health promoters, as part of the organization’s overall mission to support community
members, help families that are struggling economically with information and resources through
COSSAO. Through the health promoters, COSSAO learned about the situation of an elderly woman in
her 70s, who lived with six adult children all had some level of developmental disabilities. They all
crammed in a small house and had no formal income. The organization fundraised for the family,
and with the help of volunteers, they built separate rooms for the family to live in.

As frontline public health workers who serve as a trusted bridge, community health workers are
the integral link that connects disenfranchised and medically underserved populations to the health
and social systems. They not only provide primary physical and mental health services, but they
also help individuals, families, groups, and communities develop their capacity in understanding
their health conditions and lifestyle choices, facilitate communication with the healthcare system,
provide culturally appropriate health education, and bridge access to resources and information,
health insurance, quality care, and health information. As a result of the direct interaction and
connection — linguistic, socio-economic, cultural, and experiential — community health workers
play a key role in advocating for community needs while collecting data and relaying information to
other stakeholders in the healthcare system to inform policy change and development (Pérez and
Martinez 2008; Witmer et al. 1995).

During one of the lunch breaks, I asked the project supervisor Betzaida Marengo how they selected
the health promoters, she replied, “Empathy. That’s the most important thing and how we are able
to do our work. We want to help our communities, but we don’t always have sufficient resources to
provide them with what we need. When it gets too hard, we cry with the family and we support
each other.”

3.2 Community Information Management

Through these family visits, over the past two years, the health promoters have mapped 100
percent of the communities they serve and created databases of community infrastructure (homes,
businesses, churches, and other points of interest) and socio-economic and health information of
the residents. The objective of the databases is to serve as a road map to direct COSSAO staff to
respond in case of an emergency and distribute resources to the families with the greatest needs.

In most parts of Puerto Rico, communities outside of the major urban areas are not adequately
mapped in most commonly used digital mapping platforms such as Google Maps. Residences,
smaller roads, and other points of interest are often missing entirely or mislabeled on these
platforms. The health promoters had created detailed Al-sized (23.4 by 33.1 inches) hand-drawn
maps of each of the communities they serve (Figure 5-8). For each community, they had also
created letter-sized section maps and checklists of families (8.5 by 11 inches) (Figure 5-9) for ease
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of use on family visits. These maps include residences, points of interest, and roads. Each house is
color-coded to indicate its status (elderly, disability, summer house, vacant, etc) and labeled with
the name of the head of the household and code number used in the family registration forms. Over
the years, the health promoters developed iterations of the maps, improving its accuracy and
sophistication (Figure 5-10). When minor changes were needed, i.e. families moving away, they
used white tapes and covered the old features with new color and labels. When maps and checklists
wore out, they often had to make new ones from scratch.
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Figure 5-8. The Community Health Promoter Project map for one of the communities they serve (above) and close-up of a section (below).
The map includes roads, houses, and other points of interest. The houses are color-coded for its use and labeled with the name of the head
of the household and code referenced in the family registration forms.

Qin | 58



II L
&y
W, alle
il T
f . Rt LN
2.5 | :’-\ Socdvm Bogz |
A e be_i,( ree Frodeyer — 7297958 YS7L ==
’r-. cl
& ?Q}\ ARemee Brro- 4o .5) Gera |dn gonzale =
\Suun\q J\,_) e — 2RT SO - G3ER foral
o i
I'\\‘\S' il J’J’f-’\rlﬁn }]’r e — G329 oo SOFE
T~ :
S ST . = -
.: |';= .'f__- ll'fA._C e
,E_é B ,.d,u_u ﬁ /‘i_/?rj/é—
T s
e j&f"“\a P\ \ o T(_,Z — ?‘J‘? = .?7-"..:;--;_.3 S) &

1= 1,5;’;|er"r'r J‘{C,NG_HC

oE7 390 62T
Sl s e[ plonToroMled! wa 773" 5o <

WFIed
&R, a M A mar s Achevaryo. — 937 29> - Yo

PR ol v
:\9‘ =i -_L”H?Sf‘x rer._m s 7o df

\me,;},l v = e ul( [‘. B
i 3} gg/i}o\._, ﬂr("iﬂ“"— Cr-f‘o_je_ o =

9'\'?"0% a ] \/ <@

g';_g_) f.(,LJUM'.’IAJ

luso ~ 787 515-97 8% ;
(T - ol '/ :

[ i T

Z

| Leego de
o prawcdl o
#

I
B

8

i G
P

w

Figure 5-10. The Community Health Promoter Project maps have gone through many iterations.
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Figure 5-11. The Community Health Promoter Project database is built on Google Sheets that include both quantitative and qualitative
information.

In many rural, mountainous regions of Puerto Rico, cell phone and internet services are spotty, the
weather unpredictable, and roads steep, windy, and deteriorated. Instead of using the Samsung
tablets provided by donors, the health promoters all preferred paper forms and maps during their
family visits to avoid technical glitches and damages to the devices. At the end of the day and on
Fridays, they dedicated extra time in the office and took turns to use the few computers or tablets to
enter information they’d collected on paper forms into a Google-Sheet-based database (Figure
5-11). Some health promoters considered the current system relatively complicated, “It takes work
and training to get used to it.”

After two years of hard work, COSSAQ’s first-of-its-kind community mapping project in Puerto Rico
as part of the CHP clearly demonstrates the value of collecting and managing the unique and diverse
needs and capacities of the community residents in order to help the organization as well as
external entities to better engage individuals and plan for the future. At the time of the visit,
COSSAO was exploring possibilities of transferring its data collection process on mobile via an
application and working with mapping experts to create digital maps of the community. The health
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promoters were excited about the possibility of streamlining their data collection and entry, as they

were always ready to innovate and improve.
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Figure 5-12. Summary Statistics from COSSAQ health promoter project shared at a conference (Heredia-Morales et al. 2019).

The project coordinator, Manuel, a University of Puerto Rico Master of Public Health Graduate, had
been leading the management, analysis, and communication of the database and presenting the
results at conferences and donor meetings (Figure 5-12). Through these data-driven insights,
COSSAO was able to chart clear goals for service delivery, confident that they are what the
community wants. The organization had also been successful in securing funding from private,
state, and institutional donors by clearly demonstrating the needs and capacities of the community
and the organization’s commitment to providing the services their people asked for. COSSAQ’s
success was also a result of the organization’s active partnerships with universities, FEMA, local
government agencies, as well as the private sector. Thanks to Tito’s tireless calling and meeting
people all over the Island, COSSAO had quickly grown to be one of the most well-known CBOs.
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4. COSSAQ’s Challenges and Opportunities

COSSAOQ'’s transformation after Maria is an example of how passionate leaders, broad social
networks, and meaningful engagement with local volunteers and residents can help communities
rise up after disasters and set them on a path to a better future.

Despite the growth and success the organization has experienced, COSSAO and the communities
they serve are not immune to many of the challenges others face on the Island. Although there was
a healthy group of dedicated staff at COSSAO, with 18 projects and many more in the plan, there
was little slack and everyone was stretched thin (Figure 5-x). During my stay, with only a few days
before his younger daughter’s departure to return to college, Tito was called to the clinic around 7
in the morning and rarely returned home before 10 at night.

For the seven health promoters who care for 5,000 households, they thought a six-week rotation
was too long and they often had to rush. They often felt helpless when they couldn’t help the
residents they took care of with the limited resources and time they had. Even though COSSAO
worked hard to create these paid positions, many thought the salaries were too low.

Although COSSAO and the community had worked tirelessly to improve the condition, many people
in the region were still in a vulnerable position after decades of disenfranchisement. Many didn’t
work and relied on the government to survive, while the youth felt conflicted about whether they
could stay and find a good job. However, people shared with me that they cared deeply about their
community and the recent disasters had brought them together. At the time of my visit, Puerto Rico
was experiencing chronic earthquakes. During my group interview with the local church group, Tito
shared:

“We didn’t have anything after Maria. We didn’t have any technology that worked. We were
speaking with our neighbors. Children were playing and sharing. Human contact arrived at a
point that we hadn'’t experienced. When there is a crisis, everyone cares, and everything
matters. But when time is normal, we don’t seem to care as much. We are now in a moment of
sharing and it is time to create a more caring and humble community, where neighbors care
for each other and serve the elders.”

On my last day in the community, Tito took me to an abandoned coffee factory on top of the
mountains. He told me that he was working with a university professor to secure funding to turn
this place into a sustainable lodge and a restaurant as part of the agritourism program to help
generate income and jobs for the region. The center would be equipped with solar power and water
systems that can be used as a shelter in case of an emergency. He could barely contain his
excitement as he led me through the building and vividly described how every part of the facility
would be used as if the project was already completed. Before he went to take another phone call,
he laughed, “Well, I don’t always know the rules. I just go and figure it out as we go.”
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CHAPTER 6: DESIGN FOR RESILIENCE THROUGH COMMUNITY
MAPPING

1. Design Opportunity

As Puerto Rico prepares for more severe and frequent disasters, this thesis shows that there is a
clear gap in the current disaster management system in engaging and empowering citizens and
communities towards a more resilient future. The time, knowledge, skills, and resources from
citizens and community groups have proven to be an immense resource for disaster management.
Given their adaptability, innovativeness, and responsiveness, citizen groups are driven to act in
times of crisis. It is vital that disaster management and aid agencies are prepared to cooperate with
them and coordinate together to ensure effective response and minimize harm.

As seen in post-Maria Puerto Rico, the response and recovery efforts were troubled by challenges in
disaster information and knowledge management, particularly around coordination of service
delivery and allocation of funding and resources. Recognizing the need to better manage
information about their vulnerabilities and resources, community groups from around the Island
have undertaken initiatives to collect detailed information to help plan for future disasters. As
shown in Puerto Rico and other contexts, there are functional, structural, and social barriers that
prevent the inclusion of local information and knowledge into the official channels of disaster
management. To bridge these barriers between communities and disaster management and aid
agencies, these community mapping efforts, such as the one through COSSAO’s Health Promoters
Project, have demonstrated potential as boundary objects to promote cross-border collaboration
and enhance disaster resilience of the Island.

Drawing from primary and secondary research findings, | propose design recommendations for
creating a more inclusive and effective disaster information and knowledge systems that bring
together key actors and build on their existing capacities and meet the identified needs. These
recommendations are informed by the set of premises from literature review and guided by
established disaster management frameworks. I primarily use the Sphere standards and FEMA'’s
Whole Community Approach as part of the National Planning Frameworks, which are widely
recognized and used by international and U.S. entities in relevant fields.

The design recommendations focus on improving disaster resilience for individuals and
communities that share one or more aspects of vulnerabilities identified in the previous chapter,
including old age, poor health, low wealth, and low accessibility. Having emerged from a
human-centered, system-minded research process, these recommendations do not intend to be
comprehensive nor definitive, but to invite scholars and practitioners alike to explore some
potential points of intervention to improve community resilience for places like Puerto Rico.
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2. Guiding Principles

The Sphere was created in 1997 by a group of humanitarian NGOs and the Red Cross and Red
Crescent Movement with the aim to improve the quality of humanitarian responses and support
accountability across (Sphere Association 2018). It is one of the most widely referenced
humanitarian resources globally. The Sphere is based on two core beliefs:

e People affected by disaster or conflict have the right to life with dignity and, therefore, the
right to assistance; and

e All possible steps should be taken to alleviate human suffering arising out of disaster or
conflict;

And four Protection Principles that apply to all humanitarian action and all humanitarian actors:

Enhance the safety, dignity and rights of people, and avoid exposing them to harm;
Ensure people’s access to assistance according to need and without discrimination;
Assist people to recover from the physical and psychological effects of threatened or actual
violence, coercion or deliberate deprivation; and
e Help people claim their rights.

The Sphere recognizes that the state or other authorities have the duty to ensure people’s security
and safety, while humanitarian actors encourage and persuade the authorities to fulfill their
responsibilities and, if they fail to do so, assist people in dealing with the consequences.

In the U.S.,, FEMA's National Planning Frameworks provide fundamental doctrine for achieving the
National Preparedness Goal using five core capacities: Prevention, Protection, Mitigation, Response,
and Recovery (U.S. Department of Homeland Security 2015). The goal is stated as “A secure and
resilient Nation with the capabilities required across the whole community to prevent, protect
against, mitigate, respond to, and recover from the threats and hazards that pose the greatest risk.”

Recent large scale disasters have shown that disaster management requires more resources and
support to achieve the preparedness goal than any jurisdiction or agency can provide alone. In
2011, as part of the National Planning Frameworks, FEMA published Whole Community Approach to
Emergency Management: Principles, Themes, and Pathways for Action, which outlines the need for
increased individual preparedness and community engagement. The approach defines six strategic
themes:

Understand community complexity;

Recognize community capabilities and needs;

Foster relationships with community leaders;

Build and maintain partnerships;

Empower local action; and

Leverage and strengthen social infrastructure, networks, and assets.
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The Whole Community Approach presents a foundation for engaging and empowering citizens and
community groups as vital partners in enhancing disaster resilience. These strategic themes align
with the set of premises, which emerged from the existing disaster literature review, and that I use
to guide my research:

e Improving disaster resilience through capacity building instead of eliminating risk is central
to meeting disaster management objectives;

e Social capital — individual and community networks — have proven to be a vital capacity
for coping and adapting to shocks from disasters;

e Local knowledge is a key component of disaster information and knowledge management,
but it is often ignored, due to functional, structural, and social barriers; and

e Leverage the existing strength and innovation to enhance collaboration across key actors in
the system to achieve disaster resilience goals.

This thesis uses the Whole Community concept as practical guidance for deriving design
recommendations for creating a more inclusive and effective disaster information and knowledge
systems in Puerto Rico and other relevant contexts.

3. Design Recommendations

To derive the design recommendations, I first mapped the key actors and their existing capacities
and needs in achieving disaster preparedness. I then evaluated a set of current community mapping
solutions and how they measure up in meeting the needs of the key groups of actors and address
the strategic themes of the Whole Community Approach. Based on the evaluation and informed by
the Sphere and Whole Community frameworks, [ summarise a set of concrete recommendations for
creating integrated community mapping systems for improved disaster resilience.

3.1 Key Actors and Needs Identified

Among the wide range of stakeholders in disaster management, I focus on four key actors based on
their importance in disaster information and knowledge management. I group these actors by their
shared primary role and characteristics; however, I recognize the heterogeneity across individuals
within the groups as well as the multiplicity of roles for some, i.e. a person with access and
functional needs can also contribute to disaster response and recovery activities.

1) Actor 1: At-risk persons often have access and functional needs that may require special
assistance before, during, and after a disaster, including maintaining independence, communication,
transportation, and medical care. It is important to recognize everyone as dignified human beings
with agency, not helpless objects. The following groups have found to be often disproportionately
impacted by disasters, including post-Maria Puerto Rico:

e Frail elderly who depend on others for activities of daily living
e People who live alone or with minimum family and social connection
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e People with medical conditions, such as heart disease, diabetes, kidney disease, cancer,
Alzheimer’s and other dementia

People with disabilities, such as physical, sensory, and developmental

low-income

People who don’t have means of transportation

Others: pregnant women, immigrants, LGBTQ, non-native speakers, and those susceptible to
other types of harm such as gender-based violence

2) Actor 2: Community volunteers play a key role in preparing, coping, and recovering from a
disaster for themselves as well as their families, friends, and communities. The following groups
were some of the major forces in the post-Maria response and recovery efforts:

Women

Senior citizens

Students

Young professionals

Healthcare and other related professionals

3) Actor 3: CBOs have been playing vital leadership roles in disaster response and recovery efforts,
especially in remote, disadvantaged areas. They come in diverse forms and below are some
examples:

Resident associations
Professional associations
Youth and student groups
Political assemblies
Faith-based groups
Community centers

4) Actor 4: Disaster management and aid agencies play a central role in planning, coordinating,
implementing, and monitoring disaster management activities. Some of these entities include:

Government agencies
Relevant private sectors
Philanthropic entities
International NGOs
Puerto Rican NGOs

Capacity includes all the existing knowledge, strengths, attributes, and resources individuals,
organizations or society have to manage and reduce disaster risks and strengthen resilience
(UNDRR 2017). Capacity resides in the individual, organization, and the enabling environment,
which all contribute to the concept of resilience (Wisner, Gaillard, and Kelman 2012). Capacities at
the level of the enabling environment relate to laws, rules, policies, power relations, and societal
norms, which all of the four key actors operate in. At the organizational level, capacities describe
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internal structures, policies, and systems that determine the ability, incentives, and governance of
an organization. These factors affect an organization’s effectiveness in delivering on its mandates
and allowing individuals to work together. At the individual level, everyone, including the
vulnerable, has skills, experience, knowledge, and resources within their control that allow them to
cope and adapt. However, individual capacity has to be understood within the context of
organizational capacities and the enabling environment. Needs or capacity gaps are areas identified
for further action in order to move from their current state to the desired, future state of improved

resilience.

Based on primary and secondary research findings, I summarize the capacities and needs of the
four key actors in the current system to meet disaster preparedness goals (Table 6-1).

Table 6-1. The capacities and needs of the key actors in response to a disaster. Actor 1: at-risk persons; Actor 2: community volunteers;
Actor 3: CBOs; and Actor 4: disaster management and aid agencies.

Capacities Needs
Actor 1 o Knowledge of their access and o Tailored assistance with disaster preparedness, response, and recovery such
functional needs as early warning, evacuation, transportation, and accessing essential
e Existing coping and adaptive supplies and services, safe shelter, power, and medical services, etc.
capacities and resources o Financial and direct assistance for recovery, such as repairing damaged
homes, purchasing food and other necessities
o Companionship and social connection with family members, friends, or other
trusted people
o Communal space and programming for an increased sense of empowerment
and belonging
Actor 2 o Existing coping and adaptive o Minimize exposure to harm for themselves and their connections in case of a
capacities and resources disaster
o Time, resources, skills, and o Coordination and direction to facilitate collective response
knowledge to help others o Flexibility of schedule and free will
o Recognition, empowerment, opportunity for growth and learning, as well as a
sense of community and belonging for continued engagement
o Economic or other forms of incentives
Actor 3 o Knowledge of community needs, o Enhanced capacity, resource, and infrastructure in planning, coordinating,
capacities, and culture and implementing disaster response and recovery activities
o Coordination, operation, and o |mproved capacity in administration, operation, fundraising, and other
implementation of service delivery to general managerial requirements and assistance in navigating political and
individuals other bureaucracy
o Trust and social network o Financial and human resources for service delivery
Actor 4 e fFunding, resources, and personnel o Timely situational awareness of the disaster impact
e Training and education o Real-time decision-making in directing response and recovery efforts and
o High- level coordination, operation, distribution of resources
and implementation of mandates o Channels and processes for coordination around logistics, supplies, and
resources across actors
o Delivering services to the right places at the right time
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3.2 Current Community Mapping Efforts

To help direct and coordinate disaster management efforts, information on vulnerabilities and
resources of communities is crucial. However, in many parts of the world, information on
vulnerable populations and places are often missing. Community mapping has become a crucial
path to acquiring such information and present an entry point for connecting the dots among key
actors in the system. However, formal disaster information and management channels have not
widely leveraged community information and knowledge, while recognizing that existing data
would need to be more specific to aid agencies in adjusting its response operations and supporting
actionable operational decisions (FEMA 2018). I present three groups of solutions that have been
developed to map community vulnerabilities and resources that are led by digital volunteers,
external NGOs, and local CBOs.

3.2.1 Digital Volunteers

Advances in information and communication technology have enabled mass information and
knowledge dissemination and production. Platforms such as Humanitarian OpenStreetMaps and
CrowdSource Rescue tap into the power of volunteers from outside of the affected communities to
gather information to assess the disaster situation. These are usually short-term initiatives
activated after disasters take place. Such efforts have helped to map missing information using
remote sensing and geospatial tools as well as social media. These platforms can quickly amass a
large number of volunteers and perform large amounts of work fast, providing disaster managers
quick assessments of the situation to help decision-making under time pressure. These platforms
are relatively accessible to official disaster managers given their digital and online functions.

However, such external efforts do not yet successfully incorporate the rich local, tacit knowledge
that is invaluable in directing essential services to vulnerable populations. To participate in such
platforms, people will need access to a network, computers, energy sources, and knowledge and
experience with using the tools. In post-disaster areas, access to these prerequisites is often a
challenge, limiting local participation and reporting on situational information. There are also
questions about data quality without adequate ground truthing. For those relying on geospatial
technology, these efforts often take place after disasters happen while using potentially outdated
remote sensing images, which may lead to inaccurate or unusable information for humanitarian
efforts. For those that rely on social media, lack of participant interest may mean that there will be
pockets of impacted areas that go unnoticed. Lastly, because these platforms generally focus on
assisting disaster response efforts, the information gathered may not be available or suitable
community efforts to build long-term resilience.

3.2.2 External NGOs

Many aid organizations such as Mercy Corps and ConnectRelief have led initiatives to map needs
and resources in communities. Such efforts often serve as the basis of community planning efforts
and to help direct aid resources to places of the greatest needs. However, these initiatives that rely
on leadership and volunteers from outside of the communities are often difficult to scale and
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sustain, given logistical and resource challenges. It also takes considerable time and effort for
external entities to build and navigate trust issues when it comes to sensitive information about
communities and individuals. Additionally, given the resource-intensive nature of community
mapping, NGOs often lack the staffing capacity to continuously monitor changes to ensure that
information is complete and up-to-date. However, these initiatives have shown to be beneficial to
both the communities and external NGOs as the deliberate efforts to develop relationships serve as
a bridge for building longer-term partnerships that allow for trust building and collaboration. With
additional funding, resources, and training, these initiatives can also help local communities build
new skills and capacities.

3.2.3 Local CBOs and Volunteers

After Hurricane Maria, with the deep connection and understanding of the needs and dynamics of
their communities, many CBOs are taking upon themselves to map community vulnerabilities and
resources. Even with low cost and technology, local CBOs and their volunteers have created
sophisticated information and knowledge management systems that capture the complexities of the
community they serve in and in formats that are most comfortable for those who deploy the system.
However, currently, these initiatives rely on a few community leaders or volunteers to manually
source, document, and manage information (demographic information, medical conditions, etc.) on
paper or printed maps. Not only do they share the resource and staff limitations as aid
organizations, but CBOs also often lack the technical infrastructure to manage and share with
relevant stakeholders. In addition to the above-mentioned challenges, local information about
communities is often not immediately usable or actionable for aid agencies for disaster response or
recovery efforts, as information from external entities or knowledge groups often requires
additional processing and transformation to meet the institutional and/or regulatory standards,
internal workflow, and staff capacity to be effectively integrated.

As FEMA’s Whole Community Approach provides guiding principles for engaging and empowering
citizens and community groups, | evaluated how these solutions apply one or more of the strategic
themes (Table 6-2). Currently, no one solution meets all the strategic themes but each brings a set
of strengths that can be leveraged and integrated to improve the system. Table 6-3 summarises
their strengths and gaps in meeting the needs of the key stakeholders

Table 6-2. Evaluation of how current community mapping solutions using strategic themes of the Whole Community Approach. ST1:
Understand community complexity; ST2: Recognize community capabilities and needs; ST3: Foster relationships with community leaders;
ST4: Build and maintain partnerships; ST5: Empower local action; and ST6: Leverage and strengthen social infrastructure, networks, and
assets. The initiatives are color-coded as green as apply and yellow as not apply.

Solution Lead ST S12 ST3 ST4 ST5 ST6

Digital Volunteers

External NGOs

Local CBOs and Volunteers
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Table 6-3. Strengths and gaps of the current community mapping solutions.

Solution Lead

Strengths

Gaps

Digital
Volunteers

e Amass a large number of volunteers quickly

e Provide quick information to assist time-critical
decision-making

e Use avariety of information sources, including
satellite images and social media

o Gircumvent infrastructure failures and other
challenges that prevent information gathering in the
affected regions

e Platform for easy sharing with disaster management
and aid agencies

o Do not incorporate local knowledge

o High barriers for local participation after disasters
happen due to limitations in access to energy,
network, as as well as skills and experience

o Cannot easily ground truth or verify data quality

o Lack of participation may lead to negligence

o Source data (e.g. satellite images) may be outdated

o [nitiatives are usually short-term and not designed for
building long-term resilience

External NGOs

o Opportunity for building long-term partnerships
between external NGOs and communities

o Additional funding, resources, and personnel from
outside of communities

o Opportunity to cultivate local leader and build new
skills and capacity

o Initial challenges around trust-building with
communities to obtain information and to understand
complexities and dynamics necessary for disaster
response and recovery

o Limited resource and staffing for long-term
maintenance

Local CBOs and
Volunteers

o Deep connection and understanding of community
needs, capacity, and culture
o Appropriate for local deployment

o Limited resources and human capital for long-term
maintenance

o Lack of technical infrastructure for effective
management and sharing of information

o High barriers for disaster management and aid
agencies to adopt without prior agreement on data
processes and standard, given current structural
barriers in information sharing and coordination

3.3 Design Recommendations

Guided by the Whole Community Approach and the set of premises from existing disaster research,
[ propose a set of design recommendations for developing integrated community mapping systems
that draw on strengths from existing efforts that build on capacities and meet the identified needs

of key actors.

In general, CBOs can function as the central player that connects the other actors in the system.
CBOs provide services, supplies, and other support to community members. They also mobilize and
coordinate action among community volunteers to augment their human capital to deliver services
and mission, especially to those with access and functional needs. CBOs could serve as an important
channel for disaster management and aid agencies for coordinating and implementing their
programs. However, CBOs often rely on funding, resources, and capacity building produced by these
agencies to fulfill their role and sustain their mission.
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In summary, the integrated community mapping systems seek to solve the following challenges:

e With limited experience and operational constraints to respond to disasters, CBOs find it
difficult to pivot and sustain new missions in disaster response and recovery;

e With different organizational structures and information management procedures,
coordination across disaster management stakeholders has been challenging; and

e With inadequate information about the community’s vulnerabilities and resources, disaster
response work becomes hectic and ineffective.

3.3.1 Mobilize Local Community Volunteers

Develop training materials and management systems in collaboration with CBOs for effectively
recruiting and supporting local community volunteers to meet the demand for disaster
management and build long-term resilience. Community volunteers are the most powerful force to
unite to respond to humanitarian crises and to build long-term disaster resilience. It is important to
empower CBOs with training and technology — from communication strategy to volunteer
management — to mobilize and support local residents. To build sustaining relationships,
coordination will be important to create meaningful experiences for volunteers and to ensure
value-added to disaster management efforts. For the most vulnerable populations such as isolated
seniors who often have limited access and experience with technology, local community volunteers,
who are likely their trusted neighbors and friends, bridge the digital gap and provide much-needed
companionship. Together with volunteers, CBOs will be able to expand their capacity in disaster
management efforts to meet the surging demand for human resources during and after crises while
improving social networks that serve as one of the most important factors in community resilience.

3.3.2 Build and Maintain New Partnerships

Bring CBOs and disaster management and aid agencies together to form and maintain partnerships
that go beyond the immediate needs around crisis management. To allow agencies to effectively
coordinate with CBOs and citizens, new governance structures, protocols, and communication
channels need to be established and tested before disasters hit. CBOs often have limited capacity
and information to identify the right entities to ask for help, while aid agencies and philanthropic
entities face challenges in finding the right places to provide resources and supplies. These
partnerships will allow trust-building to help streamline the distribution of resources, services, and
information, facilitating time-critical decision-making required for disaster management. Finally,
the partnership will allow CBOs and agencies to co-create information and knowledge management
protocols for effective and inclusive acquisition, management, and sharing of information.

3.3.3 Use Technology as a Catalyst

Co-design easy-to-use mobile and web-based platforms with CBOs and aid agencies to crowdsource,
manage, and communicate community needs with a focus on vulnerable individuals. To help direct
and coordinate disaster management efforts, information on vulnerabilities and resources of
communities is crucial. However, current information on vulnerable populations and places are
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often missing, unusable, or illegible. Based on field research with community health workers, the
mobile and web-based platform has the potential to allow volunteers and CBOs to collect key
information for disaster response and recovery efforts. However, it is crucial to understand the
infrastructure constraints of the community and work with the users to develop instruments that
meet their experience and comfort levels with technology.

To help improve disaster information and knowledge management, it is crucial to capture
human-level data, including medical needs, transportation, and other demographic information,
which will require on-the-ground surveys that take place before disasters hit. Other types of
information such as those crowdsourced from digital volunteers as well as satellite images and
government data are also critical for disaster management efforts, especially for assessing
post-disaster damages at scale. Effective integration, analysis, and communication of these different
data sources to key actors will be vital.

To illustrate how the integrated community mapping information systems would allow for more
effective disaster management and build resilience, figure 6-1 maps demonstrate how resources,
services, and information would flow in the system.

Resnurr;es Informatio Vflow
and services direction

at-risk
person
special servcies, / provide %\
companionship, [ information on |
etc. '\ needs & |
\_ capacities /
. SR S
-
-
gov + public data
time, resources, // : \\
4 [ coordination,
=l | support, rewards
knowledge RROTE: other
b e crowd-sourced
information

local information
and knowledge

funding,
resource, and
capacity building

Figure 6-1. Resource, service, and information flow through an integrated community mapping system.
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CHAPTER 7: SUMMARY

1. Discussion

This thesis first examined the impacts of Hurricane Maria and the factors that contributed to the
disparities across the island. Accounts from the field highlighted emergent actions from citizens and
community groups in response to the catastrophe when government agencies failed to provide
adequate support, which was further illustrated through the case study of COSSAQ’s Community
Health Promoter Project. The current gap between the official agencies and the emergent citizens
and community groups in the disaster management system calls for action.

As places like Puerto Rico face growing challenges from natural disasters, it is clear that no
government agency or jurisdiction has enough resources and capacities to prepare and respond to
emergencies alone. Engaging and empowering individuals and community groups who will provide
the much-needed capacity is vital in responding to more frequent and severe disasters. However,
individuals and groups working outside of the official disaster management system have been
largely undervalued through the current formal institutional structures and arrangements that
employ bureaucratic, command-and-control approaches.

The assumptions that underpin these command-and-control approaches create barriers for
engaging emergent citizens and community groups, which include: 1) information outside of official
channel is lacking or inaccurate; 2) standard operations will always function in disasters;
departures from standard operation producers are detrimental; 3) citizens are inept, passive or
non-participants; and 4) ad hoc emergence is counterproductive (Drabek and McEntire 2003).
Disaster research and accounts from the field challenge many of the assumptions and show that
citizens and community groups demonstrate adaptability, innovativeness, and responsiveness in
the face of crisis, where strong social networks and structures are the driving forces for recovery
after disasters.

These findings call for a different approach to disaster management that values the emergence of
citizens and community groups and the time, skill, knowledge, and resources they offer. Effective
disaster management requires both “agility” (creativity, improvisation, adaptability) to ensure
coordination and communication, as well as discipline (structure, doctrine, process) for mobilizing
and managing large organizations (Harrald 2006). However, the current disaster management
relies heavily on the discipline of the established entities, with little agility to allow the participation
of emergent individuals and community groups.

For disaster management agencies to move towards a more “agile” system, Stallings and Quarantelli
(1985) offer five principles that shed light on how to work with individuals and community groups
in the face of disasters: 1) emergence is inevitable in the face of disasters as citizens will identify
needs that are not being met, which may be real or perceived; 2) the “looseness” of the informal
structure of citizens and community group is a real strength as they are not constrained by
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established structures when new tasks need to be performed; 3) although citizens and community
groups may not deploy the ideal approach, it should be acknowledged that alternative approaches
are available; 4) citizens and community groups may rise to the unmet needs, but they are not
always in opposition to public agencies; and 5) emergent citizens and community groups cannot be
eliminated through prior planning, therefore it's important for emergency managers to consider
how to facilitate and collaborate to add value to the overall disaster management.

As recognized in FEMA’s Whole Community Approach, to truly engage and empower citizens and
community groups will require the disaster management community to transform their thinking,
planning, and practice to find the balance between “discipline” and “agility.” Inspired by the
strength and resilience embodied by the Puerto Rican people, this study proposed design
recommendations to invite scholars and practitioners to explore community mapping as a path to
help break through the gridlock between citizens, CBOs, and agencies. A collaborative platform, it
presents opportunities to facilitate new conversations to move the disaster management
community beyond the old assumptions towards a more collaborative, resilient future.

2. Limitations

This study sought to explore the complex social system of disaster management in Puerto Rico and
to identify potential points of intervention for improvement. Limitations of the study are a result of
both the nature of the subject and the research process that [ was able to deploy.

As a major part of the study relied on interviews and participatory observation, intersubjectivity
and other biases were inevitable. The study spanned across over a year through an exploratory and
iterative process, which could lead to inconsistencies in fieldwork and conflicting data across
temporal scales. Throughout the span of my research, several major natural disasters (Hurricane
Dorian and earthquakes) took place in Puerto Rico, adding new layers of unexpected complexities
in regards to how individuals and communities relate to disasters on the Island. At the time of my
fieldwork, more than a year and a half had passed since the landing of Hurricane Maria, therefore
people’s recollection of and relationship with the event had also evolved. To mitigate this,
interviews were corroborated with each other and supplemented with secondary research such as
official reports and archival media resources documenting the disaster events. To clarify details and
to build on new discoveries and questions, follow-up interviews were conducted when possible and
necessary. Due to the limitation of time, geographic differences, and access to some stakeholders,
there were many more interviews with NGOs, CBOs, and academic/research institutions than with
government representatives, leading to potential biases in my understanding of the system.

As the design recommendation relied on my interpretation of the needs and capacities of the
different actors as well as the evaluation of the current initiatives in relation to established
principles, the process was partially subjective. While I strived to provide context to explain what
factors influenced the complex events and processes, the external validity of the study may be
limited and cannot be readily generalized for other locations beyond Puerto Rico. However, this
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study was not meant to be all-encompassing given the extremely complex and context-dependent
nature of disaster management.

3. Future Work

This thesis presents accounts from the field across several representative communities in Puerto
Rico and proposes preliminary design recommendations on integrated community mapping for
scholars and practitioners to explore as a pathway for building resilience. Further studies will be
needed to validate these recommendations and test design options for key touchpoints on the
ground. Studies with greater coverage of communities in Puerto Rico and other relevant contexts
will be needed to explore the external validity of the findings. Other types of communities for
engagements may include those in under-resourced urban areas, remote rural communities in the
mainland U.S., disadvantaged communities on the coasts, and communities in other small island
nations. The study was developed in the context of hurricanes, this work can also be expanded to
building resilience for other hazards — public health crisis, earthquake, flood, wildfire — many of
which present their own challenges and may require different frameworks of analysis. Lastly,
disaster management, as I learned through my exploratory, generative research process, links with
a myriad of fields of study. Many more intersections could be explored in-depth for new
inspirations and discoveries to help expand on the preliminary design considerations, including
psychology and behavior, network theory, information technology, and communication.
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