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Abstract
Natural hazards triggering technological disasters (natech) events exist around the world
and affect people, infrastructure, the economy, and environment but are not often
considered for local hazard mitigation and emergency preparedness plans. The purpose of
this qualitative case study was to identify (a) the natech event vulnerability of the target
city, which is in the western United States, and potential sources for these events and (b)
the extent to which the city’s hazard mitigation and emergency operations plans
addressed natech events. The vulnerability assessment was performed through the lens of
network risk theory and involved secondary data analysis of publicly available reports
from the U.S. Environmental Protection Agency’s (EPA) website. The vulnerability
assessment incorporated cross-referencing and mapping of EPA data, application of a
natech event vulnerability tool to data of chemical releases from industrial sites withing
the city, previous experience with threat and hazard identification experience, and
deductive analysis of the city’s current plans. The city was found vulnerable to natech
events due to the presence of petroleum refineries, bulk stations, and terminals near
locations identified as critical functions for the city’s emergency response capabilities.
Recommendations include positive social change through conducting a risk assessment of
natech events for the next hazard mitigation plan. Identification and mitigation of
potential natech event impacts may extend benefits beyond the local government to
include the private sector, critical transportation infrastructure, the economy, and well-

being of emergency services responding in mutual aid.
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Section 1: Introduction

Natural hazards triggering technological disasters (natech) describes the
cascading disasters, triggered by natural hazards such as floods, earthquakes, tsunamis,
and fires, that affect industrial installations (Pilone et al., 2022). Though natech disasters
have been referenced in academic and industrial literature as early as the 1990s, it was
not until changes to the European Union’s Seveso Directive in 2012 that awareness of
these events garnered traction among public administrators impacted by the directive
across all levels of government (Necci & Krausmann, 2022). Researchers have addressed
a variety of natech events ranging from those triggered by floods to earthquakes to
tsunamis, the compounding issues presented by the impacts of climate change, and the
challenges those responsible for industrial installations may face in addressing natech risk
assessment and management (Necci & Krausmann, 2022).

Risk assessments of threats and hazards are a fundamental element of emergency
management planning and preparedness. These assessments inform processes and
procedures for response, first responder safety, evacuation needs, and alert and warning
(Federal Emergency Management Agency [FEMA], 2017). In the United States, natech
events are not commonly identified as threats and hazards addressed in local emergency
operations and hazard mitigation plans, which tend to focus on initial over cascading
events (U.S. Department of Homeland Security, 2018)

The purpose of this qualitative study was to identify the natech disaster
vulnerabilities and associated risks to the target city, which has a large amount of

industrial and chemical plants located within its jurisdiction. | identified potential sources



of natech events and the city’s vulnerability to these events by analyzing existing data
from the U.S. Environmental Protection Agency (EPA) and documents provided by the
client city. Natech risk assessment tools from Pilone et al. (2021) were utilized as part of
the analysis to identify the extent of natech vulnerabilities within the city. This study may
provide insight on unknown or insufficient risk identification within the city and improve
awareness of planning and preparedness for natech events. The city’s current emergency
operations plan (EOP) and local hazard mitigation plan (LHMP) did not account for
natech events and disasters. The natech disaster vulnerability identification and risk
assessment performed as part of this study may support hazard identification for the
LHMP and stakeholder decisions related to mitigation opportunities, first responder
trainings, and infrastructure planning. The findings may also encourage leaders of other
U.S. cities and counties to address their natech risks and evaluate their respective plans
for efficacy. Within the larger field of public administration, the study may support future
emergency management centered natech research in the United States and related policies
and procedures at the local level.
Organization Background and Problem Statement

In the United States, state and federal guidance for natech risk assessment and
emergency preparedness is insufficient, thus leaving local municipalities without tools or
methodologies to identify and address potential vulnerabilities (Santella et al. 2018).
Legislation and guidance for natech events and emergency preparedness within the State
of California does not exist, based on my review of the literature. California is subject to

numerous and planned for threats including earthquakes, flooding, and wildfires



(CalOES, 2021). These events may trigger explosions or loss of containment of
hazardous materials (Pilone et al., 2021). Atmospheric river storms are causing disastrous
and sometimes catastrophic events across the state (Masters, 2023). As these storms
increase in frequency and intensity, infrastructure supporting flood control may be
compromised (Swain et al., 2018). Industrial facilities built for regions that have not
previously been identified in flood-prone regions may now and in the future be subject to
flood-induced natech events. According to Yang et al. (2020), floods and lightning are
responsible for the start of most natech events.

Natech events are cascading events that stem from a naturally triggered event.
These events are likely to slow critical life-saving response as resources, personnel, and
equipment are allocated to others within the municipality (Santella et al., 2011). The city
has an obligation to a residential population of over 95,000 people (U.S. Census Bureau,
2022). City leaders have not addressed natech events in their EOP, and its LHMP does
not address the risk of cascading events. The city’s 2013 LHMP identifies natural hazards
and focuses on each identified hazard as a standalone threat. local business journal
identified oil, gas extraction, mining, and quarrying as key industries within the city.
Located in the city is a 400-acre oil distribution facility that receives and distributes fuel
transported by truck and pipeline for Southern California (Shell, n.d.). In 2022, the city
experienced a range of industrial events including an odor emission requiring a state of
emergency and a spill of over 9,000,000 gallons of raw sewage (Mahoney, 2022).

This study may inform city leaders of natech vulnerabilities to address in future

emergency management plans and procedures. Providing leaders of a local municipality



with a method to identify natech risks and assess for their vulnerability to these events
may be duplicated in process and use of tools by other municipal leaders with industrial
plants or chemical storage facilities within their jurisdiction. The study may also inform
future research and discussion for how emergency management personnel and
government officials assess disaster risks as individual events or in combination with the
potential for networked events that change the landscape of response. These changes may
promote calls for new policies at different levels of government and advance discussion
for broader attention to natech event risks to the United States.
Purpose

The purpose of this qualitative study was to screen for potential natech sources,
identify vulnerabilities to these events, and assess the current level of natech emergency
preparedness within the city. At the time of this study, the city had 175 industrial sites
within the city perimeter and hundreds more adjacent to the city. Failure to understand
the risk associated with natech events may result in negative or even catastrophic impacts
to life safety, critical key infrastructure, local and regional economic stability, and the
environment. | analyzed the city's existing emergency plans and programs through the
lens of the study’s identified vulnerabilities and capacity to address potential risks. The
study’s findings support revisions to the city EOP and inclusion of natech disasters in the
LHMP.
Guiding Questions

The research questions (RQs) for this study were



RQ1: What are the current sources and vulnerability levels of potential natech
threats in the city based on the assessment tools in Pilone et al. (2021)?

RQ2: To what extent have identified natech threats and vulnerabilities been
addressed in the city’s current emergency preparedness and LHMPs?
Organizational Gap

This study may contribute to city leaders' understanding of the threats the city
faces relative to natech incidents and the vulnerability based on current mitigation plans
and was provided with a natech risk assessment process for emergency operations and
hazard mitigation planning use. At the time of the study, city leaders employed a linear
and singular approach to identifying threats and hazards in their LHMP. This study
provides detailed insight on the city's vulnerability to natech events due to the presence of
natural hazards and volume of content of hazardous industrial chemicals throughout the
city. | presented the study’s findings to the city’s emergency manager to support revision
of its LHMP with consideration to include natech events. The city’s emergency
management office was provided with a natech vulnerability assessment and vulnerability
workflow that can be replicated in the future. Employing this process as part of the city’s
hazard identification may support improved situational awareness and currency for
revisions to plans and procedures.

Summary of Data Sources and Analysis

For the qualitative analysis performed in this case study, I used the city’s current

emergency planning and hazard mitigation documents, hazardous chemical inventory

reports, and Toxic Release Inventory (TRI) reports. The analysis enabled me to develop



6

recommendations for changes to the city’s emergency operations and LHMPs. Document
review of the city’s 2021 EOP and its latest approved LHMP from 2013 provided a
baseline for whether city leaders identified and addressed the threat of natech events. The
hazardous chemical inventory was sourced from the data required of businesses to report
by the Emergency Planning and Community Right-to-Know Act of 1986. Identification
of the jurisdiction’s vulnerabilities for natech incidents and how these are addressed in
current emergency management plans can inform the decision-making related training
content for emergency management and the city’s developers and first responders. The
client will also be provided with a tool to continue identifying its natech incident
vulnerabilities.

Definitions

Emergency management: The managing entity charged with developing and
executing systems, plans, and procedures to protect communities through mitigation,
preparedness, response, and recovery.

Emergency operations plan (EOP): The guiding document that establishes the
framework, procedures, and authority by which leaders of a government entity,
organization, or business guide emergency response and recovery efforts.

Local hazard mitigation plan (LHMP): A plan that documents identified natural
hazards within a jurisdiction and associated vulnerabilities to support effective mitigation

efforts to minimize loss of life, injury, and damage to infrastructure and the environment.



Natural hazards triggering technological disasters (natech): A descriptive term
for a cascading event, technological or industrial, that is triggered by a natural hazard
(Kraussman & Necci, 2021).

Threat and hazard identification risk assessment (THIRA): At the community
level, a risk assessment requires identification of threats and hazards to determine the
capabilities needed to address associated risks.

Significance

This study is potentially significant because it will inform of unknown or
insufficient risks to the people and environment within the city and enable improved
awareness of, planning, and preparedness for natech events. Businesses, government
entities, residents, and those who work and travel within the city may benefit from an
enhanced understanding of natech threats and vulnerability. Of the government entities,
the office of emergency services will have data-driven information to support its LHMP
and a process to use in the future to maintain currency of natech data. City entities can
potentially use this information in their work with businesses and other stakeholders
including hospitals and assisting agencies for disaster response. The culmination of better
informed and prepared emergency responders and government officials can have a direct
impact on the people within the city before and during a natech event. The findings of
this study have the potential to yield positive social change by providing leaders of cities
and counties with a tool and process to address their natech risks and evaluate their

respective plans for efficacy. The study may also support emergency management



focused natech research in the United States that can inform addressing natech events in
national guidance documents and procedures.
Summary

My goal in conducting this qualitative case study was to identify the target city’s
natech event vulnerability and level of preparedness relative to emergency plans and
mitigation efforts. This case study will inform the city’s vulnerability to natech events
and the gap in existing emergency management plans using a qualitative assessment of
publicly available data.

Though natech events are not new, literature relative to many other causes of
emergency events and disasters is minimal, according to my review of the literature. In
Section 2, | provide greater detail regarding what is known about natech events and the
importance of applying network theory when considering risk, vulnerability, and the
value to emergency management planning. Gaps in existing research present an
opportunity for this study’s focus in the field of emergency management at the local
government level. This study’s findings may inform future emergency management
planning and mitigation efforts in a city where a natech event may result in significant

consequences for its residential population and many industrial companies situated there.



Section 2: Conceptual Framework and Relevant Literature
Introduction

Guidance for understanding and accounting for natech events within emergency
management planning and risk assessment is not provided to local jurisdictions by the
State of California. The client city has an abundance of industrial companies, and the
region is subject to naturally occurring hazards and an increase in storms due to climate
change. This qualitative case study will provide the city with an improved understanding
of its natech event vulnerability and how current plans address natech event
preparedness. This section addresses findings from scholarly research on natech events
and the relationship to this study. Also addressed are literature specific to network theory
and linear theory as relevant to risk assessments for emergency management planning.

Literature Search Strategy

| searched for peer-reviewed academic studies to include those presenting and
incorporating a natech event vulnerability tool. Academic and professional databases
searched include but are not limited to EBSCOhost, ScienceDirect, International Security
& Counter Terrorism Reference Center, JRC Publications Repository, and
Journals@OVID; these databases were accessed through Walden University's Library.
Search engines included Google Scholar. Additional emergency management
documentation was sourced from the city’s website. Most of the literature reviewed in
this study was published within the last 5 years, though a couple of articles relevant to the
history of natech events predate 2018. Key search terms included natech, natech disaster,

natech vulnerability, natech risk, network theory, and linear theory.
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Conceptual Framework

The conceptual framework for this case study connects scholarly literature on
natech events, including calls for entities to address these events in their planning efforts
and tools to identify associated vulnerabilities, to the need for networked risk assessment
in local government emergency management plans. The history of natech events, rate of
occurrence, and impact of levels of preparedness will be presented. A natech
vulnerability tool developed by Pilone et al. (2021) was incorporated into the case study
to identify the city’s natech vulnerabilities. The tool was designed to provide local
administrators with a survey of vulnerable sites and substances within the city and,
through qualitative analysis, assign potential natech event vulnerability ratings. The client
city’s emergency planning documents were analyzed to identify existing gaps in threat
identification relevant to natech event vulnerability.

Literature Review for the Study

The risk of natech events commenced with the onset of the industrial revolution.
Academic study of natech disasters began in the mid-1990s (cite UNDRR Showalters and
Myers, 1994. A 2004 study identified the potential for significant risks to unprepared
areas including identification at the local level. This early study presented the primary
challenges with risk management and emergency response and potential risk reduction
methods (Cruz et al., 2004). Referencing case studies including the 2002 floods across
Europe that triggering a chlorine release in the Czech Republic, the authors presented
recommendations including natech-specific emergency planning and risk reduction

(Cruz, 2006).



11

While initial studies and discussions across various stakeholders centered around
European countries, Santella et al. (2011) conducted research in the United States
providing a quantitative assessment of the conditional probabilities associated with
natech events at facilities impacted by hurricanes and other naturally occurring events.
Using existing data on hazardous material releases that had natural event origins, the
authors calculated the probability of hazardous material releases at facilities when
exposed to a particular natural hazard of estimated intensity. The authors posited that the
conditional probability of natech events due to earthquakes may present similar levels of
risk to society necessitating mitigation efforts and legislative focus in those areas subject
to seismic activity.

As natech event identification and research continued from a risk perspective, the
European Union modified its Seveso Directive in 2012 to include natech event risk
management for industrial facilities and sites in their respective reports detailing risk
management, site safety, accident prevention, internal emergency planning, and
requirement to provide this information to external stakeholders overseeing emergency
planning (European Union, 2020). The updated Seveso Directive is cited in cases studies
of natech events throughout Europe, various risk assessments of different facilities and
hazardous materials storage containers, and proposed methods and tools for advancing
the integration of natech event preparedness beyond industrial sites and their internal
stakeholders (cite some studies from Krausmann and Pilone).

In 2017, Krausmann et al. made recommendations to the field of emergency

management which included understanding the following:
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e natural-hazard trigger

o safety barriers

e hampering of response operations

e domino risk

e response resources and psychological aspects
The authors stated that including natech events in emergency preparedness may change
existing emergency plans for evacuations and shelter in place and the necessity for
assessing emergency resource vulnerabilities during these events. Emergency response
differs as the cascading elements of a natech event unfold in an environment where
resources, infrastructure, and communication systems may be further compromised due
to the triggering natural incident and possible simultaneous cascading events (Ricci et al.,
2022). This has resulted in slower and delayed emergency response at times coupled with
restrictions to incident sites (Pilone et al., 2022).
Current State of Natech Events in Research and Practice

Understanding what defines a natech event and whether a jurisdiction is
vulnerable to these events is scarce in the United States and elsewhere. Though these
events continue, with an increase in frequency tied to climate change, how private and
public entities prepare for the impacts is hindered on several fronts. Making efforts more
challenging is that current data for natech events is primarily connected to earthquake
hazards (Pilone et al., 2022).

Societal knowledge and treatment of natech events is further challenged by the

continued characterization as black swan events (Krausmann & Necci, 2021). Black swan
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events are defined as events that are not predictable and exist as outliers and beyond the
scope of management. Krausmann and Necci (2021) argued that natech events are not
black swan events but rather failures of risk management among different stakeholders
and a simplification of risk from an approach that is linear and sequential. The perception
that an event is an “Act of God” relieves stakeholders of risk ownership inclusive of
mitigation and emergency preparedness. natech events, with originating natural hazard
triggers, are not such acts but rather a “a class of cascading events that manifest with
nature and technological worlds collide” (Kraussman and Necci, 2021, p. 3). This
requires emergency management to address both the natural and technological
components of natech events in risk assessments and emergency planning. This is
challenging due to the complexity of risk assessments, including industrial site reluctance
to analyze for these events and the slow process for conducting risk assessments amid
multiple stakeholders, lack of a strong natech event knowledge base, changes to data, and
a lack of a unifying requirement to do so (Kraussman & Necci, 2021).

Increasingly, academic attention and research on natech events corresponds to the
increase in climate change (Pilone et al., 2022). Like other natural events, climate change
driven incidents occur in the absence of human-prescribed boundaries and despite an
understanding that these events encompass multiple disciplines across all levels of
government, much of the impact and response requires local response (Pilone et al.,
2021). Understanding the risk of natech events for the purpose of emergency response
planning demands a solid comprehension of the likely causes (Ricci et al., 2022).

Developing policy and improving planning and response for natech events necessitates
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participation from a collective group of stakeholders in this space which is not currently
occurring (Pilone et al., 2021).

Risk cannot be fully eliminated necessitating a call for natech emergency
preparedness with an understanding that these events are different from those
technological or industrial in origin and the triggering natural event itself (Krausmann,
2017). Understanding and planning in response to the risk to natech events is nuanced
and requires a different approach to disaster risk assessment. At the local level, this call is
further hindered by the gathering of data specific to various sites in an environment that
may not be aware of the risk or need to address mitigation and include natech events in
emergency plans (Pilone et al., 2022).

Standard Practices Previously Used to Address Disaster Risk

Approaching disaster risk beyond a linear approach and developing network-
based risk assessments is a challenge for those across the public and private sectors
(Clark-Ginsberg et al., 2018). The authors further posited that disaster risk assessment
can incorporate both linear and network approaches and incorporate assessing
vulnerability in cascading disasters events (Clark-Ginsberg et al., 2018). This included
finding risk assessments of cascading incidents conducted linearly, failing to recognize
the network of systems from which that risk is created to include vulnerability (Clark-
Ginsberg et al., 2018).

Natech events impact societies, economies, and the environment around the world
(Krausmann, 2017). The events carry an amplified vulnerability depending on the

likelihood of impact to a jurisdiction including the social, economic, and psychological
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well-being of residents, workers, and neighbors. Despite thousands of these events,
current programs and regulations in the United States are limited by the complexity of
approaching disaster The challenge of addressing vulnerability and risk of natech events
in the United States may be hindered by awareness of vulnerability and the strict
categorization of what defines a threat.
Threat Identification and Risk Assessment in the United States

Local and state jurisdictions in the United States are encouraged to engage
stakeholders from both the public and private sectors, including subject matter experts
across various fields, to identify threats and hazards, assess risks, and close the gaps on
prioritized threats in what is referred to as the THIRA process (FEMA, 2018). The
identified priorities and subsequent attention to associated risks are expected to increase
the jurisdiction’s capacity to prepare, protect, mitigate, respond, and recover from a
significant incident (FEMA, 2018). The resources and training associated with
identifying likely threats and hazards places incidents in one of three categories: Natural,
Technological, and Human Caused (FEMA, 2018). There is not an allowance within the
THIRA process to assess the risk of an event that is the crossover between natural and
technological.
Natech Risk Identification and Assessment

In 2006, Cruz et al. called for including natech events in emergency preparedness
planning citing a 2003 workshop within the European Community aimed at
understanding these events though historical case studies, gaps in awareness and

prevention, and the potential for significant damage to participating countries’
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communities, industries, and environments. Determining the probability of natech events
was addressed a few years later in a study with site-specific quantitative studies to
identify vulnerabilities of different industries and their equipment (Santella et al., 2011).
Natech Tool for Local Planners

In 2021, Pilone et al. presented a tool to be used by urban and local planners
including those in emergency management to understand a local jurisdiction’s awareness
and preparation for natech events. The authors stated that the absence of local awareness
and assessment has the potential for dangerous consequences for the jurisdiction and its
population. Their study focused on the awareness and preparation of land use planning
entities at the local level within the European Union with data incorporated from events
and impacts from some natural and industrial hazards. The findings of their study
acknowledged the challenges local level governments face in the absence of or
complexity involved in directing policies and allocating responsibilities. Additionally,
local governments lack resources including those who could speak to the technical
capacity to plan and respond to natech events. Last, the authors' findings relevant to their
European Union studies echo requirements in the United States to maintain currency of
hazard identification, risk assessment, and emergency preparedness planning.

Pilone et al. (2021) developed their tool to efficiently identify possible natech
event sources and industrial vulnerabilities, advance natech awareness within a
jurisdiction, and assess land use tolerance to natech events within a jurisdiction. The tool
included a checklist to identify potential natech vulnerable sites and the presentation of

natech event scenarios and the potential for respective impacts. Additional components



17

incorporated quantitative and semiquantitative assessment of data from industrial sites
related to their storage practices and facilities and previous incidents. In 2022, Pilone and
two of the authors from the 2021 study applied their natech indicator at the local level in
the European Union with the purpose of providing an easy method of identifying
potential natech event risk to enable protective measures. The application of their natech
tool or indicator in this case study found that local land use planners and decision makers
were not aware of natech events prior to the study and that the tool can function as a first
step for natech event awareness and possible vulnerabilities within their jurisdiction.
Summary

Though advancing in academic research, the functional application of studies to
date within the field of natech event research and emergency planning continues to be
scarce. Studies supporting the identification of potential sites of natech events, and their
corresponding vulnerabilities and risks, has greater prominence within European
countries with factors such as lack of awareness and the practice of labeling such events
as black swans impacting how those assessing risk are challenged globally. Employing a
tool designed for implementation at the local level can enhance the ability of local
planners and decision makers to include natech events in the United States in their threat
identification and risk assessment processes. This case study merged components of the
natech event indicator and threat identification from the established THIRA process and
identified possible threats of natech events to a city. The study also assessed the LHMPs

for the identification of associated risk and inclusion in the city’s EOP.
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Section 3: Data Collection Process and Analysis
Introduction

The industrial facility heavy city in Southern California may be prone to natech
events, which are increasing globally with climate change stimulating natural hazards
such as atmospheric rivers and resulting floods (Masters, 2023). Per its website, the city
has not updated its LHMP since 2013. Other plans, including the city’s EOP, may not
address the potential threat of a natech event. Additionally, those engaged in threat and
hazard identification at the local level may not be aware of natech events and the possible
ramifications to the jurisdiction and the community. Through document analysis and
application of some of the data to natech vulnerability tool, a qualitative assessment was
made to determine if recommending natech events be added to the city’s list of identified
threats and hazards and addressed in the city’s emergency preparedness plans. This
section incorporates the study’s practice-focused questions and research design, role of
the researcher and client organization, methodology, strategy for data analysis, issues of
trustworthiness, and ethical procedures.

Practice-Focused Research Questions and Research Design

This qualitative study included document review and a secondary data analysis.
The research design was rooted in applying an indicator tool, developed specifically for
natech event identification, with an objective of supporting the city’s threat and hazard
identification for emergency preparedness planning purposes.
Research Questions

| sought to answer the following RQs:
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RQ1: What are the current sources and vulnerability levels of potential natech
threats in the city based on the assessment tools in Pilone et al. (2021)?

RQ2: To what extent have identified natech threats and vulnerabilities been
addressed in the city’s current emergency preparedness and LHMPS?
Justification of Deliverable

Identifying if the city is vulnerable to natech events will support the city’s
requirement to understand the risks the city community faces (FEMA, 2018), If natech
events are found to be a viable threat or hazard, this study will provide data and analysis
to support content update of the city’s LHMP and revision to its EOP. The findings from
this study may also inform the city’s threat hazard identification and risk assessment
process and future training content for first responders and emergency operations center
staff to understand, coordinate, and respond to natech events.
Research Tradition and Method

| drew from the Pilone et al. (2021) natech indicator tool as well as the practice of
identifying potential natech scenarios to assess whether the target city was vulnerable to
these events. The researchers sought to identify vulnerabilities and in a European
community to inform local land use planners of natech event vulnerabilities and provide
data to support further risk assessment and planning. | selected the tool because it was
designed specifically for local managers for urban jurisdictions whereas other
methodologies for natech event risk assessment have approached risk from the
perspective of industrial regulating authorities or industrial company leadership (Pilone et

al., 2021). After analyzing data to identify whether natech event vulnerability exists, |
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provided a report to the city’s emergency manager containing information on associated
gaps in current emergency preparedness and LHMPs. | also provided recommendations
to minimize these gaps.

Roles of the Researcher and Client Organization

Currently, I am the director of emergency management for a 4-year state
university in California with 7 years of emergency management experience in higher
education and 2 years at the local municipal level. At the university where | work, | serve
as an academic committee member for the graduate program in homeland security.
Additionally, I am an adjunct professor for a different university’s Master of Public
Safety program where | teach the course Developing and Implementing Systems of
Emergency Preparedness. My academic foundation in emergency management began
with the master’s program in emergency management at Walden University. My practical
foundation in emergency management was garnered at the local level supporting a
Southern California city’s emergency management division out of its fire department.
During that time, I rewrote that city’s EOP and revised the LHMP for public review and
comment.

In addition to emergency operations and LHMP review and revision, | have
experience in exercise planning, incident response for dynamic incidents including
wildfires, emergency operations center staff training, and policy group guidance.
Furthermore, | coordinated an emergency operations center for 2 years in response to the
COVID-19 pandemic. The emergency manager for the client city was previously

employed at one of the state universities within the same higher education system | have
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been employed with for 6 years. She and | worked as peers and would collaborate
alongside approximately 21 other state university emergency managers. She left her
university role to become the emergency manager for the client city, which is where her
former university is located. Neither of us has held a supervisory position over the other
or worked in the same jurisdiction nor has either of us served as an instructor for the
other.

With a focused interest in natech events, | understand that | may have a bias that
leans toward the existence of this threat and the vulnerability that is associated with it. As
an emergency manager, | view global natech events with greater interest. In a qualitative
study, it is not possible or desirable to separate the researcher from the analysis (Galdas,
2017). What is important, rather, is that “the researcher has been transparent and
reflexive...about their own preconceptions, relationship dynamics, and analytic focus”
(Galdas, 2017). To diffuse aspects of personal bias, | was cognizant to refrain from
information bias during the data collection process through the employment of data
verification, careful classification, and a reevaluation of coded data. The coding process
is detailed later in this section.

Methodology

| analyzed data from various sources to answer the study’s two practice-focused
questions and provide deliverables to the client. The data for this study included
emergency preparedness planning documents and government reports specific to
industrial facilities within the city. Federal government reports for hazardous materials

for the city were obtained from the following sources: TRI, Integrated Compliance
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Information System for Clean Air Act Stationary Sources (ICIS-AIR), Superfund

Enterprise Management System (SEMS) Search, Resource Conservation and Recovery
Act Information (RCRAINnfo) Search, Cleanups in My Community, and Toxic Substance
Control Act Search. The assessed planning documents were the city’s current LHMP and
EOP.

The hazardous materials reports provided the data to inform the natech
vulnerability tool checklist from Pilone et al. (2021). After entering the relevant data into
the natech vulnerability tool, | assessed the data to provide insight on the city’s current
sources and vulnerability levels of potential natech threats. The city’s LHMP and EOP
reflect the extent to which city leaders have identified any natech event threats and
vulnerabilities that guide emergency preparedness and response. The hazardous materials
data fulfilled the needs of the natech indicator tool checklist for vulnerability at the local
level from Pilone et al.’s 2021 study and informed if the city should consider further risk
assessment. Assessment of current plans revealed if the city had identified natech events
as a potential threat prior to the study. | followed various steps to organize the data
collected for this study. Using the conceptual framework as the guide, | took the
following steps:

e developed a plan based on the conceptual framework presented in Section 2,

e maintained a journal to document the data collection and analysis process,

e utilized Google Drive as a data collection tool with a consistent file

nomenclature system to identify and retrieve data in an efficient manner,

e developed key insights using deductive analysis, and
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e coded data and maintained and a code library for efficiency and to minimize
loss of supporting evidence, and
e sorted data hierarchically top down from insights to themes to codes within a
spreadsheet maintained in Google Drive.

Greater detail is provided under the Strategy for Data Analysis subsection.
Archival and Operational Data

Existing data and resources used for this study were comprised of federal reports
regarding hazardous materials in the city, the city’s 2013 LHMP, and the city’s 2021
EOP. All of the hazardous materials reports were publicly available and generated
through the EPA’s website in accordance with the Emergency Planning and Community
Right-to-Know Act of 1986; the Resource Conservation and Recovery Act of 1976; the
Clean Air Act of 1963; and the Comprehensive Environmental Response, Compensation,
and Liability Act of 1980 (Emmett Environmental Law & Policy Clinic at Harvard Law
School, 2019). There were no permission requirements for the EPA reports used in this
study. The EPA reports for hazardous materials were generated specific to the city’s
geographic perimeter and encompassed TRI, ICIS-AIR, SEMS, RCRAInfo Search, and
Toxic Substance Control Act Search. The TRI Basic report provided information on toxic
chemical releases by industrial companies (EPA, n.d.-e). The ICIS-AIR report detailed
chemicals and pollutants industrial companies introduce into the air within a selected
geography (EPA, 2022). The SEMS reported on the nation’s cleanup of the greatest
contamination and response “to environmental emergencies, oil spills and natural

disasters” (EPA, 2023, para. 1).
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Last, the report generated from the Toxic Substance Control Act Search provided
an inventory of chemicals (unless otherwise exempted by the EPA) that were either
present, manufactured, or imported into a selected geographic area (EPA, n.d.-b). These
reports were generated from data provided as required by law from various reporting
entities including industries, local and state jurisdictions, and governing agencies for
various chemicals. These reports may be limited if industrial inventories or releases were
not reported to the EPA as required. Collectively, the data from these reports for client
city informed of its vulnerability to natech events.

City leaders developed the 2013 LHMP in partnership with a contract company.
The plan identified the following stakeholders in the planning process: the city
government, neighboring city governments, and the city’s unified school district.
Representatives from each group included respective members from law enforcement,
fire, city legislators, city planning, risk management, emergency services, public works,
and utility departments. This plan identified the city’s currently recognized threats and
hazards and provides a baseline for understanding its threat identification process and
planning efforts for mitigation. The data provided by this 2013 plan was limited by time
and may not reflect current procedures for threat and hazard identification.

The 2021 EOP was considered current within the field of emergency management
provided regular reviews are being made to the plan concurrent to the plan’s review
schedule. The EOP was comprised of two parts with the basic plan as Part 1 and
emergency operations center management and implementation as Part 2. The EOP was

the guiding document for how the city will respond to emergencies and disasters toward
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the lifesaving and community preserving goals for the whole community including
compliance with state and federal legislation, roles and responsibilities within the city
government and departments, and operational concepts for field and emergency
operations center response and recovery. Like the LHMP, this plan may be limited in its
currency depending on any changes made that have not been operationalized by other
means. The EOP provided the framework for understanding the city’s response and
recovery to emergencies and disasters along with its capacity for extended coordination
and response for cascading events.
Strategy for Data Analysis

As the sole researcher, | was the only person who collected and analyzed the data
for the study. A research journal was maintained to record observational, theoretical, and
methodological notes to support the identification of themes, provide consistency, and
minimize bias. Google Drive was used for data collection and organization with a
singular master folder developed to organize recording of the process steps, code
identification, resources, journal observations, literature, and data. A naming convention
for the file process was developed for use in Google Drive to support consistency and
ease of use to accurately record the data’s collection date, assigned data identification tag,
and data source.

I analyzed the collected data in relation to the relevant part of the conceptual
framework. Data were coded based on deductive analysis beginning with the use of
coding developed from my notes derived from the literature review, that hazardous

materials data applied to the natech indicator tool checklist, and city hazard mitigation
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and emergency planning documents. Starting themes included vulnerability, potential
natech sources, industrial accidents, natural hazards, and emergency planning. Upon
completion of the analysis, the client was provided deliverables in the form of
recommendations for emergency planning steps dependent on the findings of natech
event vulnerability. Additionally, they were given a guidance document outlining how to
repeat the natech vulnerability process in the future using the EPA reporting data and the
natech event vulnerability tool from Pilone et al. (2021).
Issues of Trustworthiness

Qualitative research is determined to be trustworthy through measures of
dependability, credibility, confirmability, and transferability, so there may be confidence
in the study's findings. These measures support stakeholder acceptance and use of the
research (Lincoln & Guba, 1985; as cited in Nowell et al., 2017). Trustworthiness also
speaks to research relevance (Adler, 2022). The dependability of a study exists when a
study’s process is logical, can be traced, and appropriately documented (Nowell et al.,
2022). Critically important to dependability is the ability of another to replicate the steps
through a detailed process of the collection and analysis of the data (Stensfors et al.,
2020). Credibility, or internal validity, was achieved through data triangulation wherein
the data was collected and interpreted from multiple sources and methods. Employing
triangulation helps a researcher to identify gaps in patterns in the findings and can reduce
systemic bias in the study (Patton, 1999, as cited in Lemon & Hayes, 2020).

The study’s confirmability was derived from the ability to demonstrate data-

driven conclusions and interpretations (Nowell et al., 2022). To support confirmability,
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an audit trail was developed listing the raw data, details of the data collection process
(including any decisions to not use collected data), data synthesis, research methodology
notes from initial and review passes, and the process of determining natech event
vulnerability and whether the city’s emergency preparedness plans support the
vulnerability findings. Transferability supports the ability for findings to be applicable in
like environments (Nassaji, 2020). Thick description, leaning heavily on the audit trial,
was employed to support transferability to recreate the process in other local jurisdictions
to assess for natech event vulnerability using the process and relevant hazardous
materials and emergency planning data sources for that jurisdiction.
Ethical Procedures

The hazardous materials data used in this study were available for public
consumption and did not require confidentiality or protection of data. The city’s LHMP
and EOP were also publicly available through the city’s website and did not require
confidentiality or protection. | maintained the data I collected within password-protected
environments using Google Drive and my personal computer. The study has IRB
approval number 12-01-23-0503694.

Summary

I drew from the conceptual framework presented in Section 2 to collect, organize,
and synthesize data to make an assessment about the client city’s vulnerability and
readiness to respond to a natech event emergency at the local level. Data sourced from
current EPA reports and applied to the natech event indicator tool informed the city’s

vulnerability to natech events. Document review of the city’s LHMP and EOP informed
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the current capacity to plan and respond to these events. All data were maintained on a
secure Google Drive maintained by the researcher. Throughout the study, a meticulous
written recording was made to document the research process to heighten trustworthiness.

The following section details the research findings and recommendations for the city.
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Section 4: Results and Recommendations
Introduction

The purpose of this study was to identify the natech disaster vulnerabilities within
a city located in Southern California. In practice, local government departments often
identify threats and hazards through a process that applies linear theory and approaches
each threat or hazard as a standalone concern. Failure to identify likely and impactful
secondary threats and hazards and address them in emergency planning may contribute to
elevating the overall disaster risk for a jurisdiction (Krausmann and Necci, 2021). The
RQs were

RQ1: What are the current sources and vulnerability levels of potential natech
threats in the city based on the assessment tools in Pilone et al. (2021)?

RQ2: To what extent have identified natech threats and vulnerabilities been
addressed in the city’s current emergency preparedness and LHMPS?

| sought to identify potential sources of natech events within the client city using
the data from the EPA reports with some of the data applied to the natech event
assessment tool found in Pilone et al. (2021). The city’s existing EOP and LHMPs were
reviewed to assess the level of natech event threat identification and attributed
vulnerability levels. The client was provided with a copy of this study, a report detailing
the city’s vulnerability to natech events, and a comprehensive flowchart of the process of
natech event vulnerability identification including how to access relevant data sources for

future use.
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Data Collection
The data collected for this study included publicly available archival reports from
the EPA and operational plans from the city. The city’s plans were downloaded from its
emergency operations website in December 2023 and uploaded to the researcher’s
Google Drive. At the same time, the following searches were made for the city,
generated, and downloaded from the EPA’s website:
e ICIS-AIR
e TRI Basic data files for 2021 and 2022
e SEMS
e RCRAInfo
All EPA-sourced generated reports were uploaded to my Google Drive file under a
subfolder titled “Raw Data Files Download.”
Data Analysis
Data downloaded from the EPA was reviewed over 2 months using a process of
deductive data analysis. The city emergency planning documents and EPA data reports
yielded information for analysis necessary to answer the RQs. The documents are

described in general and in context to this study in Table 1.
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Documents, Description, and Applied Information
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Document

Description

Information for study

ICIS-Air report

TRI Basic data 2021

TRI Basic data 2022

SEMS

RCRAInfo

LHMP 2013

EOP 2021

Summary of the locations identified as
EPA-regulated stationary air
polluters within the city

Information on toxic chemical releases
by industrial companies in 2021

Information on toxic chemical releases
by industrial companies in 2022

Information specific to hazardous
waste not appropriately managed
consistent with the 1980
Comprehensive Environmental
Response, Compensation and
Liability Act

A list of facilities that handle
hazardous waste within the city
consistent with the Resource
Conservation and Recovery Act

The city’s most recent hazard
mitigation plan

The basis for how the city plans for,
responds to, and recovers from
emergencies and disasters consistent
with local, state, and federal
requirements

The report was used to identify potential sources
of stationary air pollution within city borders.

Data from this report were filtered to identify the
industrial facility sources and locations of
chemical releases (on-site and off-site) that
violated the Clean Air Act in 2021. The data
were assessed using the natech event
vulnerability tool.

Data from this report were filtered to identify the
industrial facility sources and locations of
chemical releases (on-site and off-site) that
violated the Clean Air Act in 2022. The data
were assessed using the natech event
vulnerability tool.

This report was used to identify whether potential
sources of natech events existed due to
mismanagement of hazardous waste.

The source served as a reference to cross-check
locations of industrial facilities identified from
TRI Basic data reports from 2021 and 2022.

The plan detailed the city’s definition of what
constitutes a hazard and vulnerability to the
city, provided a list of the city’s recognized top
hazards, and the context of how the city was
vulnerable to these hazards.

The plan indicated that the city’s most recent
reference to hazard mitigation planning relies
upon the Los Angeles County all-hazards plan
and the city’s hazard mitigation plan.
Referenced the requirement of hazardous
materials area plans.

Note. ICIS-Air = Integrated Compliance Information System for Clean Air Act Stationary

Sources; EPA = U.S. Environmental Protection Agency; TRI = Toxic Release Inventory;

SEMS = Superfund Enterprise Management System; RCRAInfo = Resource

Conservation and Recovery Act Information; LHMP = local hazardous materials plan;

EOP = emergency operations plan.
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The deductive analysis began with three themes consistent with identifying
vulnerabilities and risk assessments for emergency planning through the lenses of linear
and network theories. These themes were hazard, vulnerability, and industrial sources.
The process of directed content analysis was applied to the documents in Table 1 using

the themes and codes in Table 2.
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Themes and Codes for Data Analysis
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Theme Code Example/key quote Reference
Hazard "When identifying threats and hazards to U.S. Department of
include in the THIRA, communities Homeland
consider two key factors: (1) the Security (2018)
likelihood of a threat or hazard affecting
the community; and (2) the challenge
presented by the impacts of that threat
or hazard, should it occur.” (p. 13)
Location ""Although incidents may have wider U.S. Department of
regional or national effects, Homeland
communities completing the THIRA Security (2018)
should focus strictly on the
consequences within their community."
(p. 14)
Likelihood "For the purposes of the THIRA, U.S. Department of
'likelihood' is the chance of a given Homeland
threat or hazard affecting a community. Security (2018)
Likelihood is important to consider
because communities must allocate
limited resources strategically.” (p.14)
Impact "To understand their risks effectively, U.S. Department of
communities should identify and select Homeland
threats and hazards that have impacts Security (2018)
that most challenge their communities,
and therefore, their capabilities." (p.15)
Vulnerability "Vulnerability is susceptibility to physical ~ Federal Emergency
injury, harm, damage, or economic loss. Management
It depends on an asset’s construction, Agency (2017)
contents, and economic value of its
functions. Vulnerability assessment
provides the extent of injury and
damages that may result from a hazard
event of a given intensity in a given
area.” (3-1)
Industrial "The higher disruptiveness of natural Pilone et al. (2021)
sources events is nowadays affecting also the

industrial sector, both in terms of
economic losses and of cascading
events, resulting in specific risks for the

population and for the environment." (p.

1)

Note. THIRA = threat and hazard identification and risk assessment. (08
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Integrated Compliance Information System for Clean Air Act Stationary Sources
and Superfund Enterprise Management System Reports

ICIS-AIR report summarized the locations identified as EPA-regulated stationary
air polluters within the city (EPA, n.d.-a). The search queried was for EPA data as of
August 18, 2023, and provided no findings within the client's city. The SEMS report
provides information specific to hazardous waste that has not been appropriately
managed consistent with the Comprehensive Environmental Response, Compensation
and Liability Act of 1980) (EPA, n.d.-d). The search queried for the client city yielded no
findings. Additionally, no discrepant cases were identified.
Toxic Release Inventory

| then analyzed TRI Basic data from 2021 and 2022. Prior to reviewing data
within the natech vulnerability tool, basic information about the data was analyzed for
comparison of the percentage of toxic releases within the city compared to Los Angeles
County. The city is approximately 19 square miles, which is approximately 0.4% of the
county’s geographic size. In 2022, 20.17% of the 1,388 recorded toxic releases in Los
Angeles County occurred within the study’s city. This was an increase from the 17.65%
of the recorded 1,354 toxic releases the previous year. Despite its exceptionally small
geographic footprint, the city had a fifth of the toxic chemical releases within the entire
county in 2022. The TRI data files included an array of data to include the number and
identification of toxic chemical releases each year, the location of these releases, and

whether these occurrences were on-site or off-site. Table 3 reflects these findings.
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Table 3

Chemical Releases in 2021 and 2022

Year Total no. Total no. of No. of No. of No. of
of toxic locations with  locations locations unique toxic
chemical chemical with on-  with off-site chemicals
releases releases site releases released
releases
2021 239 9 8 8 55
2022 280 10 10 6 61

Natech Vulnerability Tool

The natech event vulnerability tool from Pilone et al. (2021) provided the
structure to assess data from the EPA using the TR Basic data files for 2021 and 2022.
This study’s applied tool was structured to identify the data source (TRI Basic data files),
industrial activity, industrial classification, industrial processes that may be susceptible
for natech risk, main substances, natural hazard vulnerabilities, and possible
consequences (Pilone et al., 2021). The natech vulnerability tool was developed for local
planner use in European countries (Pilone et al., 2021). The data applied to the tool for
this study was consistent with the tool, though the nomenclature was adjusted for
consistency with industrial sector terminology used in the United States. Table 4 reflects
the number of chemicals released by industrial sector within the city in 2021 and 2022,

all of which are vulnerable to earthquakes, floods, and windstorms per the 2013 LHMP.
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Table 4

Chemical Releases by Industrial Sector

Industry sector NAICS Instances of chemicals released (no.)
ID On-site  Off-site 2021 On-site 2022  Off-site
2021 2022
Petroleum refineries 324110 96 25 130 67
Industrial gas manufacturing 325120 3 2 3 2
Other basic inorganic 325180 2 0 3 1
chemical manufacturing
Plastic material and resin 325211 1 1 1 0
manufacturing
Plastics packaging, film, and 326112 1 0 1 0
sheet manufacturing
Bolt, nut, screw, rivet, and 332722 1 1 1 1
washer manufacturing
Commercial and service 333310 0 0 0 0

industry machinery
manufacturing

Other chemical and allied 424690 4 0 4 4
products merchant
wholesaler

Petroleum bulk stations and 424710 62 30 62 33
terminals

Packaging and labeling 561910 0 0 1 0
services

Note. NAICS = North American Industry Classification System.

Local Hazard Mitigation Plan

The goals outlined in the city's 2013 LHMP include protecting life, the
environment, and property, and supporting emergency services. To achieve these goals,
planners called for the development of mitigation policies, greater collaboration with
those outside the public sector, and integration of mitigation efforts with EOPs where
appropriate. The plan includes the following text:

Planning for hazards requires a thorough understanding of the various

hazards facing the City and region as a whole. Additionally, it’s important
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to take an inventory of the structures and contents of various City

holdings. These inventories should include the compendium of hazards

facing the city, the built environment at risk, the personal property that

may be damaged by hazard events and most of all, the people who live in

the shadow of these hazards.

According to the plan, the three hazards of primary focus for the city were
earthquakes, floods, and windstorms. These hazards were identified from many sources,
internal and external to the city, including city employees and historical documents.
Technological hazards, regardless of cause, were considered but not identified in the plan
as a priority hazard. Though technological and hazardous facilities, including petroleum
pipelines, are noted as vulnerable to earthquakes, the cascading impacts from earthquakes
were identified in the form of mold, mildew, and landslides. Floods are recognized for
their potential to rapidly and violently impact this highly developed city, including its
pipelines, with localized urban flooding compounded by vegetative debris. Windstorms
were identified to have the potential to cause destruction to commercial structures.

Within the LHMP, the city’s critical and essential facilities are identified as
facilities “critical to government response and recovery activities” with the county
sheriff’s station, fire stations, and care centers accounting for 17 locations identified by
name and address as vulnerable to earthquakes and windstorms with one location also
identified as vulnerable to flooding. Hazardous materials facilities were also recognized
as critical if damage led to secondary impacts. | used Google My Maps to generate

several maps that incorporated the 17 critical and essential locations and the locations of
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on-site and/or off-site chemical releases referenced in Table 3. Figure 1 displays the
critical and essential locations and the industrial locations with chemical releases in 2021
and 2022.

Figure 1

Critical and Essential Functions Relative to Chemical Releases in 2021 and 2022

Google MyMaps

Note. The critical and essential locations are blue. The industrial locations with chemical

releases are red with a strikethrough line.
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Emergency Operations Plan

The city’s most recent EOP was codified in 2021 and leverages the county’s
LHMP for hazard identification and risk assessment and includes climate change,
fire/industrial/hazardous materials incidents, health/biological incidents, extreme weather
(in lieu of windstorms), and manufactured incidents in its list of identified hazards in
addition to the already identified earthquakes and floods. The EOP also references state
requirements and regulations by the state for some industries, depending on their risk
threshold, to have and submit plans relevant to hazardous material emergency procedures
to the county agency charged with administering the hazardous material program.
Provided this information, the county agency can then develop county-wide plans for
hazardous material incident response.

Findings

The city is vulnerable to natech events and critical and essential facilities
necessary for emergency response may be compromised should one occur. The city’s
current LHMP and EOP mention the potential for secondary or cascading events after
naturally occurring hazards, but do not include a risk assessment for natech events and
the additional complications that may stem from the impact of these events on the
resources expected to provide emergency services to the community.
Evaluation and Recommendations

The volume of industrial facilities in the city is significant with known chemical

releases near critical and essential facilities. Based on the analysis of the TRI Basic data
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from 2021 and 2022 through the structure of the Pilone et al. (2021) natech vulnerability

tool, petroleum refineries and petroleum bulk stations and terminals may present the
greatest risk for natech events. Given the large presence of industrial facilities including
petroleum refineries, bulk stations, and terminals, it is recommended that the city conduct
a risk assessment for natech events in its consideration of threats and hazards in it next
LHMP.
Implications

The city has been presented with an identified threat to the community that could
compound the harm of a naturally caused incident or disaster through chemical releases
or other reactions. Natech events increase the risk to life safety and limit the ability of
emergency facilities and personnel to function and respond effectively in an already
challenging environment. Beyond the initial days and weeks of a given response to a
natech event, the ability to recover from such an event may limit city operations,
residential and commercial occupancy, and have significant implications on the local
economy. Due to the city’s relevance in the petroleum sector, a natech event could have a
significant impact on fuel supplies and associated costs thus causing a ripple effect on the
larger economy.

Deliverables and Recommendations

The client was provided with a report including data findings presented in this
section which included recommendations to incorporate network theory in future threat
hazard identification and risk assessments. Additionally, a guidance document on

duplicating the natech event vulnerability assessment applied in this study accompanied
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the report as an annex to the client report. The executive summary provided to the client
can be found in Appendix A.
Recommended Solutions

Consistent with the U.S. Department of Homeland Security's (2018) guide on
THIRA, this risk assessment would include private sector partners such as industrial
corporation representatives with expertise in their organizations’ respective risk levels
and emergency procedures (2018). It is further recommended that these assessments
incorporate the risk of natech events due to extreme weather beyond windstorms.
Dependent on the findings of the natech event risk assessment, the city may consider
mitigation efforts independent of and in partnership with industrial companies. The
findings may also warrant inclusion of natech events in the LHMP thus lending to
education, training, and exercising of responders and decision-makers in natech events
and scenarios.
Future Natech Vulnerability Assessment

The methodology applied in this study may be duplicated by the private and non-
profit sectors seeking to identify vulnerabilities to natech events for respective efforts
toward mitigation efforts including developing educational and operational programs for
response and recovery. Future research may include case studies on the efficacy of public
private partnerships for improved mitigation efforts and preparedness planning. Cities or
counties adhering to a whole community approach to understanding natech event
vulnerabilities and preparing congruent to assessed risks may save lives and minimize

physical and economic impacts to the community.
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Evidence of Trustworthiness

The study’s trustworthiness was demonstrated in its credibility, transferability,
dependability, and confirmability. Credibility was evidenced in using multiple data
sources to analyze the city's industrial footprint against the guiding documents for hazard
mitigation and emergency operations. In support of transferability, detailed context of the
data, analytical steps, and relevance to the RQs provided thick description to the study.
Additionally, an audit trail was maintained as a record of the steps taken in the study
from the beginning through the reporting of findings.

Data collection and analysis were documented and described in detail as evidence
of the study’s dependability. These steps may be duplicated by others, as noted in the
deliverable to the client for future natech event vulnerability assessments. The data-
driven findings from the synthesis of raw data were twice analyzed for the frequency of
releases by industrial sector and through the framework of the natech vulnerability tool
and hand-coded. Assessment of the industrial footprint and locations of vulnerability
relative to essential city functions were mapped and analyzed for proximity providing
visual confirmation of natech vulnerability. Repeated in-depth review and hand-coding of
the city’s most recent LHMP and EOP further confirm the study.

Strengths and Limitations of the Study

There were strengths and weaknesses to this qualitative study. The ability to
assess various data from the EPA provided the researcher with greater understanding of
the client city's industrial makeup. My background and experience with local hazard

identification, vulnerability assessment, and risk assessment support the study’s
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methodology, data analysis, and findings. Further, this expertise provided insight for
contextualizing the study’s findings relative to gaps in the current LHMP. Secondary data
analysis of publicly available data and documents made the study cost-effective.

Data collection and analysis were subject to the selection and lens of the
researcher to provide greater understanding of the city’s vulnerability to natech events.
Additionally, natech vulnerability assessment was only a few years old at the time of the
study and the applied tool was applied to improve land use planning. Analysis was
subjective to the interpretation of the researcher’s interpretation of bulk secondary data.
Replication by another researcher may come with its own bias and findings may differ.
Vulnerability assessments in future years may have additional tools or context to support
the process. Engaging additional subject matter experts in the assessment process could
minimize the impact of singular bias on findings with an emphasis on consensus. While
the study’s assessment for natech event vulnerability may be duplicated, this study's
findings were limited to the client city. As the study was qualitative, no method existed to
objectively verify the findings.

Summary

Publicly available data from the EPA and the client city were reviewed and
analyzed to assess for natech event vulnerability within the jurisdiction and whether
current city plans addressed natech events as potential threats necessitating mitigation
and inclusion in EOPs. The various EPA reports provided information specific to toxic
releases in 2021 and 2022 that were in violation of the Clean Air Act, the types of

industries in violation, released chemicals, and the locations of where chemicals were
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released. Analysis of TRI Basic data from 2021 and 2022 through the structure of the

natech vulnerability tool from Pilone et al. (2021) found several industrial sectors with
numerous chemical releases with petroleum refineries and petroleum bulk stations and
terminals posing the greatest concern.

Analysis of the city’s LHMP and EOP indicated an intent of city leadership to
account for identifying hazards that pose the greatest risk to the city’s residents,
infrastructure, environment, and economy. Linear assessment identified earthquakes,
flooding, and windstorms as the top hazards of concern. Though secondary or cascading
incidents were referenced in both the LHMP and EOP, network risk assessment was not
applied in the LHMP to identify potential events that could severely impact the city.
Impacts on the city and its emergency response efforts were found vulnerable to natech
events as the industrial footprint is very large and the areas of chemical releases are
geographically adjacent to many identified critical functions for these efforts. Thus, it
was recommended to the city’s emergency management division to include natech events
in the risk assessment process for the next LHMP. To consider these findings and aid in
future natech event vulnerability identification, a detailed report was provided to the

city’s emergency manager.
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Section 5: Dissemination Plan and Conclusion
Dissemination Plan

The findings of this study will be presented to the city’s emergency manager in
the form of a report which will include a copy of this study, detailed information on the
process of identifying natech vulnerabilities within the city, and recommendations for
future LHMPs. The client will also receive a flowchart to step through the study’s natech
event vulnerability identification using new data as it becomes available. The flowchart
will include sample tables and links to access the EPA’s relevant databases for the city’s
industrial data.

Conclusions

The findings of this study support the client city’s ability to more thoroughly
address a potential threat which extends to minimizing the impact to neighboring
jurisdictions, critical infrastructure that supports fuel and transportation, the economy,
and the potential for immediate and ongoing life safety and health consequences. The
study’s process of natech event vulnerability identification employs the use of network
theory toward the threat and hazard risk assessment process which may be used in other
jurisdictions which may include public-private partnerships for mitigation and emergency
preparedness plans.

An improved understanding of the vulnerabilities and risks associated with natech
events may foster additional education and training for first responders, private sector
employees, and city planners in their individual and collaborative efforts to meet safety

and future planning objectives. Like other threats and hazards, a natech event’s impacts
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could vary. The city could experience a small but manageable chemical release triggered
by a moderate earthquake to an extreme loss of containment with the potential for
explosions and toxic chemical releases into the air and waterways after a major seismic
event. The residential community and those who work within the city benefit from efforts
to minimize these impacts which would directly affect the environment, economy, and
the city’s resources including education, public safety, and land use planning. Future
researchers may address natech events and the impact vulnerability and risk assessments
had on a local jurisdiction’s capacity to mitigate destructive impacts. Also, studies
focused on the public-private partnerships toward these efforts may serve as a good
contrast to findings in jurisdictions where mitigation efforts are limited to the public
sector.
Summary

Natech events continue to impact the world as naturally occurring incidents
trigger cascading events and at times, disasters. From earthquakes and tsunamis to intense
flooding that has been exacerbated by climate change, our communities and various
infrastructures are subject to threats that extend beyond what have traditionally been
identified as primary threats and hazards of concern for local jurisdictions. Although
efforts to advance addressing and planning for natech events has begun across Europe,
not much has been completed in the United States as the time of the study.

Considering natech events for inclusion in future hazard mitigation and
emergency planning efforts requires shifting the traditionally held practice of assessing

for disaster risk through a linear process to one that is networked and recognizes both
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cascading impacts and the high probability of constricted resources for emergency
response and recovery. This qualitative study provided a process for local emergency
managers and government leaders to rely on publicly available data to assess natech
event vulnerability. Emergency plan and program leaders may then determine whether a
risk assessment is necessary for inclusion in future LHMPs and EOPs. Where technology
and industry exist, so does vulnerability to natech events. Understanding and mitigating
the risks of natech events is crucial at all levels of government and in partnership with
those responsible for industrial plants, technological equipment, and hazardous

substances.
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Appendix A: Executive Summary

An academic study was conducted in 2023 and 2024 to assess the city’s
vulnerability to Natech events. These events are technological incidents, emergencies, or
disasters that stem from a naturally occurring event such as an earthquake, tsunami, or
flood. The Fukushima Daiichi nuclear disaster in March 2011 is a well-known example
of a Natech catastrophe. While initiating events may be large, as was the case in
Fukushima, a singular lightning strike may also present a jurisdiction with a challenge
should it trigger a Natech event.

The study relied upon data from the Environmental Protection Agency (EPA) and
information from the city’s 2013 hazard mitigation plan and 2021 emergency operations
plan. The researcher, a professional emergency manager in Southern California,
employed her expertise in threat hazard identification and academic research to conduct a
case study toward the completion of her Doctor of Public Administration program.

Academic literature was reviewed and found that progress is being made for
increased knowledge and identification of Natech events across Europe, however, these
events are not currently common in the landscape of the threat hazard identification and
risk assessment (THIRA) process in the United States. Assessment EPA data and the
city’s plans led to the conclusion the city is vulnerable to Natech events, notably at
petroleum refineries, bulk stations, and terminals. The city has a significant number of
industrial facilities which further increases Natech event vulnerability. Some of these

facilities are near locations the city has identified as critical functions for emergency



53

response. This report outlines the analytical process employed in the study and provides
tools for future vulnerability assessments for this threat.

The researcher recommends the city conduct a risk assessment for Natech events,
inclusive of engaging partners from the private sector, to assess for including these events
in the next hazard mitigation plan and undertaking the necessary next steps for mitigation

to protect the community and its long-term interests.



	Natural Hazards Triggering Technological Disasters: Source Identification, Vulnerability, and Evaluation of Emergency Preparedness in a Southern California City
	DPA Professional Administrative Study Template, APA 7

