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Abstract

The use of network analysis to understand relationships among actors and organizations in
coordinated actions has grown in recent years. Examining the network structure and func-
tions in disaster response has gained particular attention. Different methods of data collec-
tion and analysis are utilized in network research. The use of documents as a data source
has also gained traction. Scholars utilize content analysis of documents to uncover network
structure, i.e., core “nodes,” and functions. This is especially critical in emergency and
crisis management as the associated network involves complex set of actors from different
sectors and jurisdictions, and first-hand recollections of representatives might not be inclu-
sive of every interaction and specific actors they worked with. With augmented utilization,
there is a need to understand the methodological process of document use as a primary
means of data analysis in emergency management. This study fills that gap by providing a
systematic literature review of empirical studies across a broad range of subjects that have
discussed document collection and use for network analysis. Furthermore, this study pro-
vides a detailed example of the method of document identification and collection, data gen-
eration and organization process, and network visualization and analysis in an emergency
and crisis management context. The study concludes with answering, for disaster response
networks, what types of documentary data are utilized and how they are used, the types of
disasters that have been prevalent in utilizing this method, and the process undertaken to
analyze and visualize networks.

Keywords Networks - Network data - Content analysis - Network analysis - Network
visualization - Disaster

1 Introduction

The way organizations could best respond to disasters shifted in the 1990s, when the tra-

ditional, hierarchal, top-down approach gave way to a more nuanced and collaborative
approach, making way for network analysis and study (Comfort 2019; Jones and Faas
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2016; Kapucu et al. 2022). This included the focus on providing empirical analyses of
the complex decision processes rather than simply “thick” qualitative case study meth-
ods, and one of the prevailing methods for this was the use of documentary data (Cun-
ningham et al. 2016; Uhr et al. 2008). The use of documents in creating, visualizing, and
analyzing network data is increasingly common in emergency and crisis management
(Du et al. 2020a, b; Zhang et al. 2018). Several scholars in emergency and crisis man-
agement have utilized policy and planning documents, as well as after-action reports,
to understand how systems and organizations are designed and operate in response to
disasters (Comfort 2019; Comfort and Haase 2006; Kapucu 2006; Resodihardjo et al.
2018). However, a systematic guide and analysis on the process of collecting and using
documents to gather and analyze the rich data is lacking (Butts et al. 2012). This paper
will use the context of interorganizational linkages in a network to perform necessary
emergency response tasks as the basis of review of documentary source analysis.

Compared to surveys or interviews, documents are reliable and valid sources for
network data, especially in dynamic environments of emergencies and crises (Comfort
et al. 2020; Du et al. 2020a, b; Gerber and Robinson 2009; Hu et al. 2014; Yeo et al.
2021). As a disaster strikes, professional emergency and crisis managers must address
the urgent problems caused by disasters (Kapucu et al. 2022). In that instant, it is dif-
ficult for researchers to collect data during response operations from emergency manag-
ers and others involved in response operations due to the challenging nature of emer-
gency response, and the extent to which a disaster impacts a community (e.g., terrorist
event, devastating storm causing physical damages and danger). Similarly, reaching out
to emergency managers and first responders and collecting network data after disasters
may result in incomplete information due to unwillingness to participate, inability of
respondents to remember every actionable detail of the event, or unplanned, ephem-
eral implementation networks structures. For instance, Butts et al. (2012) addressed the
“dearth of “standard” procedures for the collection and processing of interorganizational
data from online documents” (p. 4) by providing a more detailed data collection process
of their study. In the case of disasters, documents such as after-action reports or news
reports on response activities are useful and valuable sources of data, especially for net-
work research in the field of disaster studies (Comfort et al. 2020; Zhang et al. 2018).

The use of documentary analysis for networks drawn in emergency and crisis man-
agement has been evident for a couple of decades. From the ability to discern the
network actors that were included or excluded, to the levels of interactions occurred,
documentary data have provided extensive data to map disaster-time responses (Clark-
Ginsberg 2020; Kapucu et al. 2017; Comfort and Zhang 2020; Yeo and Comfort
2017; Yurisch et al. 2020). Tang et al. (2017) noted, “the emergency operation plans
specif[ied] each organization’s roles, responsibilities and tasks, and provide[d] guid-
ance to coordinate efforts of participating organizations in each government level during
emergency management” (p. 1554), which is essential in building the planned disaster
network. Yeo et al.’s (2021) work further supports the need for networks visualized as
a result of document analysis, because their study depicted how policy and plan docu-
ments served as frames of reference during the response coordination practice after a
hurricane. While not an empirical study, this research demonstrates the value of the use
documents in generating and using data for network analysis to document how organiza-
tions interact, exchange information and resources, and coordinate in response to disas-
ters (Kapucu et al. 2010a, b; Siciliano and Wukich 2017).

Coordination as an outcome is widely used as a measure for networks in analyz-
ing the success or quality of response operations. The prime use of documentary data
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for coordination is to determine disparities between the designed or planned disaster
response and the actual implementation of the plans and policies as documented in the
after-action reports and other governmental reports (Yurisch et al. 2020). The content
analysis of documents for emergency and crisis management provides an in-depth look
and timeline of disaster response effectiveness in coordinating tasks and resources as
indicated in the plans, policies, and frameworks (Schweinberger et al. 2014).

This analysis method is salient not only because it provides historical “snapshots” of
actors or organizations but also because documents are more readily available compared
to participants (Kapucu and Demiroz 2011). This method also reduces internal biases that
may result from participant selection (Butts et al. 2012). The benefits of this method are
reflected in the ability to create and analyze a disaster response network without reliance
on responders that may be too overwhelmed during disaster response or unwilling to par-
ticipate after the fact. While some empirical studies in the literature review mentioned the
document collection process, data organization, or network visualization process, none
provided a comprehensive explanation of the process using content analysis. With this in
mind, research questions addressed in this paper are: What type of documents are used
in studying networks in emergency and crisis management? What types of disasters have
been studied using data collected by document analysis? What is the process of data col-
lection and analysis for networks in emergency and crisis management? How is document
data utilized for network data analysis visualization? Document content analysis provides
an understanding of existing or emergent structures and relationships, and provides policy,
planning, and practical implications based on the use of these documents during crises.

This paper provides a systematic review of network research using documents in emer-
gency and crisis management and an example to provide some guidance for future studies.
Additionally, this review presents the process of the use of documents in creating and ana-
lyzing network data in emergency and crisis management. An exemplar of the documen-
tary data process is provided with a case study of the East Central Florida Regional Plan-
ning Council region’s documents, such as comprehensive emergency management plans
(CEMPs), policies, and frameworks at all levels of government. The paper contributes to
the methodology of documentary data use for network studies in general applications, and
in emergency and crisis management in particular. For better interorganizational network
and coordinated response research, it is critical to understand what types of documents are
utilized, and how they are utilized, in networked response to different types of disasters.

The paper is organized in the following manner: An overview of the systematic litera-
ture and background on networks is provided, along with how documentary data is organ-
ized, utilized, and used to visualize networks, and the practical implications of emergency
response networks are examined. The case of a County CEMP is presented as an example
for a planned response network visualization using content analysis, network matrix devel-
opment, and visualization. Using background information, systematic review, and case
analysis, this paper presents the importance of and method for document use and analysis
for study of disaster response networks.

2 Literature review and background
Studies in the last couple of decades have provided compilations of research and biblio-

metric analyses on the topic of networks; however, the documentary method of the net-
work data collection, analysis, and visualizations has not been thoroughly examined. As
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highlighted by Hu et al. (2016) “[r]elatively few articles have explained the emergent pro-
cess by collecting...the qualitative data to understand” how network figures are created (p.
604). While theory testing is necessary, the empirical approach to how the network is built
for analysis is equally pertinent. Even more scarce is the understanding of how to use docu-
ments to create networks for emergency management and disaster response. Emergencies
activate organizational response plans, but most organizations have general “all-hazards”
approaches, or very high-level agencies within their CEMPs. The implementation of these
plans during a disaster may find a greater network than what was designed or planned (Guo
and Kapucu 2015; Siciliano and Wukich 2015; Yurisch et al. 2020). This can be due to a
number of reasons, including the unexpected scale of a disaster, or the ability for unex-
pected organizations to better support Emergency Support Functions (ESFs) (Kapucu et al.
2022). This systematic literature review will provide an explanation for the process of doc-
umentary data identification, collection, analysis and network visualization for emergen-
cies and crises.

There is a need to utilize an organized method of data collection of disaster-related
documents that allows for in-depth understanding of the data, where it comes from, and
what task it represents in the grander response scheme—hence the use of networks (Robins
2015). Specific to disaster studies, documents provide significantly detailed information
about response. Additionally, data analysis is often interpreted by the researcher based on
the types of interactions being extracted from the documents (Hollstein 2013). The World
Trade Center disaster, for instance, was unprecedented because plans “never envisioned
the need to respond to an event whose impacts resembled those of a major disaster and...
that was also a crime scene, a national security emergency, and a potential environmen-
tal disaster” (Tierney and Trainor 2004, p. 165). This disaster had rich data for analysis
and policy implications due to the extensive collection of various documents, such as field
notes, interviews, after action reports, and meeting notes, naming established and emer-
gent organizations that responded in the immediate aftermath (Tierney and Trainor 2004).
Furthermore, “[c]ontent analyses of [these] documents help us understand the contexts and
meanings of network ties” (Hu 2015, p. 83). The scope of use for documents as rich data
for a variety of subjects has tangible benefits for research and policy implications.

2.1 Method of the systematic literature review

The existence and utilization of documents have given scholars and practitioners insight
into the successes, failures, and opportunities for future organizational response. For disas-
ters, scholars have analyzed networks at different levels and have ascertained that disaster-
time organizational network ties are often observed or recollected, for which archival data
are imperative (Kadushin 2005; Prell et al. 2009; Varda et al. 2009). A systematic review
of the subject supports the importance of document use for network data collection and
analysis and provides insight to researchers and practitioners about the benefit of this type
of data collection (Seo et al. 2021). To ensure exhaustiveness of the literature examined for
this review, multiple databases and queries both broad and narrow were utilized.

We focused on identifying articles that specifically looked at document analysis for net-
work research in public administration and policy. The first query with keywords selected
was “document analysis for network research//data AND content analysis for network
research AND network visualization from documents AND creating network data from
documents AND emergency.” This resulted in 739 peer-reviewed works in the Primo
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database. Further assessment of the titles and abstracts in these results led to a few addi-
tional filters—“AND document collection AND policy documents,” “NOT tweet NOT
social media.” This resulted in 193 peer-reviewed works. Studies that referenced computer
technology, Internet of Things, or data science as “networks” were omitted. This resulted
in 12 studies relevant to the search scope.

Two additional peer-reviewed queries were applied in the Primo database, with broader
key terms. The second query utilized the key terms: “document analysis” AND (disaster
OR crisis) AND network,” populating 577. After reviewing the title, abstract, and introduc-
tion of these works, 26 studies remained. From there, a review of the main text was con-
ducted to determine if document collection and network figures were of significant impor-
tance within the studies, resulting in five (5) relevant articles. The third query included
“network analysis” AND (“content” OR “document analysis”) AND “network research”
AND “policy” NOT “bibliometric.” This yielded 1315 results. After excluding results that
were related to science & technology, environmental sciences, and business and econom-
ics, 811 results remained. Review of these results’ title, abstract and introduction led to 13
studies relevant for the research scope.

A fourth and final concentrated search in public administration and policy was also
undertaken with the databases: ABI/INFORM, Policy File Index, Politics Collection,
Social Sciences Database and Worldwide Political Science Abstracts. The key terms for
these databases were: ab(‘“document analysis “ OR “content analysis”) AND ab(“network
analysis”) NOT “social media” NOT “survey.” Out of 148 results from this query, 12 arti-
cles were determined relevant through review of titles and abstracts.

The final list of sources from the queries were then searched on Google Scholar to fur-
ther locate peer-reviewed articles that cited them in Google Scholar and specifically used
the key terms: “document analysis” OR “content analysis” AND “network.” These arti-
cles resulted in an additional range of 2-28 articles per source that were relevant to this
research, with many results redundant across multiple of the original query search articles.

The result of all these queries was 104 articles. These articles were read in entirety by
the first researcher and deemed either “relevant” (52), “not relevant” (34) or “maybe rele-
vant” (18). This determination was based on the following factors: mention of documentary
data utilized for research, mention of data collection, specific to disaster/crises, and use of
network analysis and visuals. The articles were then examined by the second researcher for
agreement or disagreement of primary assessment. After examination by both researchers,
61 articles were selected as relevant. The list of relevant articles and draft systematic litera-
ture search method was shared with the remaining two researchers for their feedback, and
any additional key sources that the first two researchers may not have captured. None more
were determined relevant for the final review list.

These articles reflect the use of document or content analysis of policy/procedure
documents, news articles and reports for network research and analysis, along with vari-
ous other data collection methods. The purpose of this extensive literature search was to
understand how network research underscores the importance of document collection and
the use of it in analysis and visualization of network figures, and eventually, the specific
implications for policy and practice. One of the researchers went through each relevant
article and coded how many of the 61 relevant articles from the systematic literature review
explicitly met each of the criterion set by the study, as indicated in Table 1.
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Table 1 Count of systematic
review studies that mentioned the
type of disasters

Type of disasters Count

Chemical incident
Cyclone/earthquake
Earthquake

_ = N

Flooding

—_
[=)}

Hurricane
Influenza/earthquake
Pandemic

Pollution

Power plant

Terrorist attack

Terrorist attack/hurricane
Typhoon

—_ e = N = = )

Typhoon/earthquake

2.2 Types of disasters studied

Table 1 demonstrates the extensive list of disasters that were studied by scholars using doc-
umentary data.

With scholars like Kapucu (16 studies) and Comfort (8 studies) as the most active on
the use of documentary data for interorganizational networks in emergency response, a
majority of the disasters reflected in the systematic review were either hurricanes (17 stud-
ies), earthquakes (8 studies), or terrorist attacks (6 studies). Of the 61 sources, 39 of them
specified a disaster for a case study. Documentary data are an ideal source for disasters
because they can serve as “tools for detecting and responding to threats”, and as such, are
“living documents...[that] need to be revised along with the changes in threats” (Fan and
Nie 2018, pp. 21-26). Similarly, Abbasi and Kapucu’s (2016) study of the 2004 hurricanes
detailed how different documents were utilized to record data and determine the organiza-
tional relationships during preparedness, response and recovery stages of a disaster.

2.3 Types of documents used

The type of document used can shape the purpose of the information extracted. For
instance, Abbasi and Kapucu (2016) specified the use of local newspapers for their study of
the 2004 hurricane season because “a fuller picture of the local response...could be identi-
fied” (p. 54) using these documents. The difference between Fig. 1a and b, from Hu et al.
(2014), clearly depicts how planned and implemented networks can vary, and how docu-
ments provide a comprehensive view for comparative purposes. While Fig. 1a highlights
how the Boston EOP depicted their organizational affiliations for in case of any disaster,
Fig. 1b showcases a significantly more interlinked affiliation network as a result of the
Boston Marathon bombings. Network perspective help practitioners and scholars to capture
potential gap and improve implementation for potential future use.

A predominant number of sources in the literature (40 out of 61) utilized government
documents, whether they were policy plans, or situational and after-action reports. Thirty-
four included the use of news media in their studies. News media can provide political
leaning viewpoints as well as a non-governmental perspective of emergency response as it
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Fig.1 a ESF affiliation network of the Boston Emergency Operations Plan (EOP) at the time of the Boston
Marathon bombings. Figure in Hu et al. (2014). b ESF affiliation network of the response during the Boston
Marathon bombing based on situation reports (SITREPs), news articles and after-action reports. Figure in
Hu et al. (2014)

is occurring. Documentary data could also include plan and response documents of non-
governmental agencies, organizational websites, press releases, social media data, and
consultation reports (Ireni-Saban 2019; Kapucu 2011; Liu et al. 2020; Marx et al. 2020;
Saban 2015; Spiro et al. 2013). A few articles in the search even utilized other manners of
documents, such as researchers that conducted their own systematic literature review using
documentary data analysis (Du et al. 2020b; Hu et al. 2016), and those that utilized docu-
ments to showcase an organization or a disaster’s evolution over time (Fan and Nie 2018;
Haase et al. 2017; Ward et al. 2018). This variety of documents indicates the importance
of understanding the collection of documents based on the purpose of analysis. Figure 2
provides a brief overview of the process starting at the collection of types of documents,
and ending with the network visual, its purpose and significance with quantitative details.
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Method of documentary data use for
network analysis for emergency and crisis
method

Document collection process
Where will the information come from?
- Formal sources (institutions, E—
government agencies, etc.)
- Informal sources (news reports,
meeting minutes, etc.) /

Document identification and selection
What will the network structure look
like?

Government documents (policies,
frameworks, situation reports, etc.)
Newspaper articles

]

Document Review Process
What is the purpose of the research?
Timeframe, regionality, type of
document
If necessary, agency review of list
based on their documents

~

o \

Codebook Development and Use
What data is necessary for the network?
- Descriptive columns to extract o am—
information (funding agencies, ESFs,
tasks, likening factors for research,

v

Content Analysis
What is the goal of analysis?
- Based on the goal, extracted
information is used for analysis
- For network purposes, translates to
the interorganizational relationships

)

Network Data Organization
What is the intended network use?
- Matrix as a result of the codebook and
content analysis
- Can be interorganizational (org-org),
affiliational (org-function)
- Input into software for data measures

Network Visual
What does the visual signify?
- Result of the network matrix
- Provides insight into measures of
relationships (properties) and overall
network (structure)

Fig.2 Step-by-step process of process of documentary data collection, analysis and use to visualize net-
work visuals for emergency and crisis management

2.4 Document collection process

Perhaps the most widely known difference of networks can be demonstrated through
9/11 response network figures. Tierney and Trainor (2004) outlined the extensive
response and recovery field work that resulted in SITREPs, rosters, and journalistic
accounts. Kapucu and Demiroz’s (2011) study of the September 11, 2001, response
agencies provided insights to how documents obtained from formal sources (e.g., situ-
ation reports) versus informal sources (e.g., newspapers) showcased slightly differ-
ent networks. The collection process includes document identification, collection and
review, codebook and matrix, and network analysis.

The documentary data process begins with document identification, including why
a specific type of document was selected for that study. Next, the collection and review
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processes occur, where parameters may be set (e.g., For newspaper articles, it could be
timeline restrictions; for governments, it could be only certain agency response docu-
ments). Once the documents for use are identified, a codebook is created to extract the
necessary data for the research, with codebook columns based on the research needs.
Codebook data are then coded into a matrix, to provide the necessary information for
network “nodes.” The matrix data are then input into a software application that cre-
ates the network visuals for analysis.

2.5 Document identification and selection

Primary documents used in the studies were government documents (policies, after-
action reports, frameworks) and newspaper articles. They were identified using the
search terms “document,” “content analysis,” “report,” and “paper” and used with the
justification that any mention of documentary data use would utilize at least one of
these terms. The purpose of proper document identification for networks is to meth-
odologically look at the evolution, development, and structure of networks that can
then be mathematically computed (Hu et al. 2016). Magsino (2009) specified that data
collection for network studies is “similar to surveillance mechanisms” (p. 48) in that
it could be associated with a point in time or longitudinal. For instance, Butts et al.
(2012) utilized Hurricane Katrina as a case study and used “archival material” (p. 1)
documents to trace the implementation response network that formed as a result of the
disaster. Kapucu et al. (2009) specified a mix of government, affiliated institutions,
and news reports to study the responding agencies under the Emergency Management
Assistance Compacts (EMACs) in response to Hurricane Katrina in Mississippi and
Louisiana. Others compiled newspaper news articles of specific disasters for weeks
after an event to ensure that the full range of responding agencies were captured (Com-
fort et al. 2013; Comfort and Zhang 2020; Wang 2019). Based on the type of net-
work analysis being pursued, additional agencies for document identification would
be selected. For instance, within some governmental entity CEMPs, there may be
agencies that are non-governmental but included for various ESFs, such as the Ameri-
can Red Cross (ARC), Amateur Radio Emergency Services (ARES), or major utility
companies. These non-governmental agency documents could be relevant for the net-
work as well. Knowledge of the purpose of documents identified for use can shape the
study’s results.

For planned emergency response networks, ideal documents would include CEMPs,
mutual aid agreements, local mitigation strategy plans, operational plans that cover
the various aspects of disasters (radios, shelters, evacuation), required non-governmen-
tal agencies’ emergency plans (e.g., ARC ARES), and any other governmental Inci-
dent Specific Plans (Du et al. 2020a, b; Fan and Nie 2018; Guo and Kapucu 2015;
Kapucu et al. 2011; Meng et al. 2019). For an implemented disaster network, docu-
ments may include after-action reports, situation reports, agency-wide response and
recovery meeting notes, news reports, or social media data (Butts et al. 2012; Comfort
et al. 2013; Comfort and Kapucu 2006; Marx et al. 2020). Essentially, any organiza-
tional documents that capture the responding agencies when a disaster strikes would
fit the criteria for the implemented network (Haase et al. 2017). The importance of
planned and implemented networks is to understand retrospectively what relationships
should have looked like, which were utilized, what was done well, and what gaps and

99
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Table 2 Documents identified,

used, and justified in network Values Count

studies Mentions document identification 28
Discusses the data collection process 23
Used government documents 39
Used news media 34
Used other data collection (survey, interview, social media, 32

websites)

Use of codebook 15
Used network analysis 50
Network visualization 47
Case study 39

discrepancies existed in the response (Comfort 2007). Table 2 provides an overview of
the documents identified, selected, justified, and specifically mentioned in the studies
reviewed. The use of specific types of documents is included, with government docu-
ments (39 studies) and news media articles (34 studies) as the most commonly used.

2.6 Document review process

Document collection and review are integral components for document use to analyze net-
work data, because they determine what the research is looking for, identify what organi-
zations are involved in the network, and provide a guide for any integral information or
subsequent organizations that may not be reflected (Yeo 2020). The datedness of the docu-
ments, possibility of agencies being “assumed” to be involved (e.g., FEMA, Department
of Health), or consolidated in CEMPs under private agencies (i.e., businesses) are all rea-
sons why the collection process should be detailed, and the documents reviewed by par-
ticipating organizations (if possible). Content analysis is an integral part of the document
review process, as it determines what information is extracted for the codebook, matrix,
and network visual. The “how” of the data collection process in Table 2 is accounted for in
the 23 studies that specified how data was collected (e.g., academic databases, emergency
plans in one region, specific time frame to capture certain aspects of disaster response,
filtering sources based on keywords). For instance, Butts et al. (2012) specified that their
review process only included situation reports (SITREPs) because they ‘“are extensively
employed by responding organizations...[and] specify the time period” (p. 6). Similarly,
Hu et al. (2014) reviewed two major newspapers because their “nationwide media cover-
age and local media portrayal” of the studied disaster (p. 702) was extensive. Document
review of extracted agencies by the participating organization provides an opportunity to
add any agencies missing in the reviewed documents, or to remove agencies that may not
be within the network or are only listed for the interest of representation within emergency
documents (e.g., all local government communications). This also provides validation of
what agencies are or should be included in the network. While many studies noted the use
of government documents, none specified that agencies were provided with an agency list
extracted from their documents for review and confirmation.
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2.7 Codebook development and use

The overall purpose of the codebook development and use was to ensure the source list of
identified organizations was comprehensive for purposes of analyses and visuals. Among
the studies included in the review, 15 mentioned the use of a codebook format to organ-
ize the reviewed documents. A documentary data codebook has key descriptive sections
for agencies, standardized contact information for document identification purposes, and
any likening factors that may be important for the research (e.g., the ESF that the agency
most likely refers to in the tasks and transactions that occur for that specific response). This
codebook can be created in any spreadsheet-function software, but MS Excel was most
common (Celik and Corbacioglu 2018; Haase et al. 2017; Hu et al. 2014; Rivera 2021;
Wang 2019; Ward et al. 2018; Wolbers et al. 2021). Each column would refer to a dis-
tinct marker that is necessary for additional analysis potential. For instance, Kapucu and
Demiroz (2011) “numbered and catalogued organizations” with the specific ESFs, interac-
tions, sources of funding and contacts (p. 556). Marx et al. (2020) codebook was devel-
oped to support the utilization of Twitter data from media organizations and journalists
during Hurricane Harvey, highlighting the necessity of social media as a documentary data
source. Mayring (2014) emphasized the utilization of content analysis from a variety of
texts and denoted the use of codebooks as “a deductive category application procedure” (p.
123). Considering codebook columns that specifically filter certain “factors” (e.g., FEMA
mission area, ESFs), there are many different uses for data that is input into a comprehen-
sive codebook. The extensiveness of collected data means that the use of a codebook with
this specifically defined and extracted information helps organize further analysis (Kapucu
and Demiroz 2011).

Meng et al. (2019) outlined the multi-step verification and analysis of their collected
documents, stressing that having two coders for the analysis would create a more “detailed
examination” (p. 6). This was supported by Siciliano and Wukich (2017) and Ward et al.
(2018), to ensure the coding process had no discrepancies. The codebook is used as a refer-
ence to determine which agencies fulfilled the same transaction for a specific purpose (e.g.,
ESF)—and these agencies would be marked as such for the relationship. For example,
Haase et al. (2017) assigned “each organization a numerical identifier and an acronym”
(p. 8) and added relevant funding, jurisdiction, and interaction information. Codebooks in
studies were utilized as a basis for content analysis by designating identifiers for infor-
mation that the research needed (e.g., directionality of relationships, frequency of terms,
agency sector).

2.8 Content analysis

Content analysis “identifies the critical content categories by systematically analyzing and
making inferences from various texts” (Du et al. 2021b, p. 11) and “enables researchers
to gather large data sets that would be difficult to collect in a qualitative [only] approach”
(Tiwari et al. 2019, p. 1846). This could utilize software that codes the documents (e.g.,
NVivo) or social network data software that creates network visuals from matrices (e.g.,
UCINET). Most social network analysis literature using qualitative data emphasizes “con-
tent analysis” (Mayring 2014; Scott 2013). The first step of content analysis is to under-
stand what the goal of the analysis will be (Kapucu and Demiroz 2011). It could be an
analysis of a singular event and the centrality degree relational to agencies within the net-
work, or a comparison of planned and implemented networks (Abbasi and Kapucu 2016;
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Guo and Kapucu 2015; Hu et al. 2014; Kapucu and Demiroz 2011; Yeo et al. 2021; Yurish
et al. 2020). For the purposes of an organizational network analysis, the same could be
said about extracting content to understand how agencies have been described as a part
of the network itself (Hu 2015). In disaster settings specifically, the dynamic nature of
the environment can lead to the existence of varied contents from varied sources, and the
systematic collection, coding and eventual analysis provide a natural progression flow of
how agencies might have interacted from start to finish during emergency situations (Kim
et al. 2021). Content analyses based on the developed codebook were used for network data
organization, analysis, and visualization.

2.9 Network data organization and analysis

Matrix creation from a codebook-based content analysis is a seamless process of quantify-
ing the codebook information in a de-duplicated manner for the given research needs (e.g.,
counties, cities, states). The purpose of the matrix is to showcase relationships between
agencies within the codebook using a type of binary system (Celik and Corbacioglu 2018).
A matrix makes it easier to visualize the number of relationships agencies have with the
same Emergency Support Function (ESF) designation and transactional role, even with dif-
ferent tasks to accomplish them within these parameters. According to Varda et al. (2009),
the essence of network analysis is to utilize mathematical factors to quantify if the net-
work connections exist, to what degree, and how that is translated to qualitative factors like
communication. Matrices can either be created in or imported into software package(s) to
then provide the quantifiable computations for analysis and a social network visual (Celik
and Corbacioglu 2018; Clark-Ginsberg 2020; Haase et al. 2017; Ireni-Saban 2019; Kapucu
2006; Kapucu et al. 2011; Koon 2020). Wu et al. (2021) manually reviewed documents to
extract agencies and then created “adjacency matrixes” (p. 36) to determine interactions
amongst government agencies at certain points in time before, during, and after a disaster.
There are several measures within software programs that can be utilized to imple-
ment “network analytic routines” and “general statistical and multivariate tools” (Kapucu
et al. 2011, p. 91). Many studies cited UCINET for this (Celik and Corbacioglu 2018;
Ireni-Saban 2019; Kapucu et al. 2010a, b; Williams and Shepherd 2017). Measures such
as “degree centrality” (how many ties organizations have), “closeness centrality” (close-
ness of actors to each other), and “betweenness centrality” (dependency and communica-
tion strength between actors) quantify the relationships within networks. Similarly, Koon

Organization Name Closeness
American Red Cross 0.35
U.S. Federal Emergency Management Agency (FEMA) 0.32
Emergency Management Assistance Compact 0.32
Salvation Army 0.31
Missouri Emergency Management Agency (EMA) 0.3
Colorado Division of Emergency Management (DEM) 0.29
Georgia State Operations Center 0.29
Texas State Operations Center 0.29
Virginia State Emergency Operations Center (SEOC) 0.28
Texas Governor’s Division of Emergency Management (DEM) 0.28

Fig.3 Top 10 organizations during Hurricane Katrina response by closeness centrality, meaning these
organizations “have the shortest paths to all other actors in the network™ (Butts et al. 2012, p. 22, Table 7)
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(2020) utilized Gephi, an open-source software for social network visualization, to deter-
mine “focal actors in a given network, and edge-lists, the ties between nodes that represent
relationships or flows between actors” (p. 380). Butts et al. (2012) utilized the R statisti-
cal computing system for similar network tie information, but also compared the “types”
of organizations (i.e., government, non-profit, for-profit) reflected in each source docu-
ment. Figure 3 from Butts et al. (2012) highlights this, with the ARC (non-profit) having
the highest rated closeness centrality, followed by FEMA (government agency), and the
EMAC (mutual aid agreement among US states and territories).

2.10 Network visual of data collected

The network visual is created by inputting the matrix information into a coding software
such as NetDraw (Ireni-Saban 2019; Kapucu 2006, 2011; Kapucu et al. 2011; Williams and
Shepherd 2017) or Gephi (Koon 2020). The use of documents to extract data can be uti-
lized to create network visuals that have both qualitative and quantitative uses (McCulloh et
al. 2013; Scott and Carrigan 2011; Prell 2012; Wasserman and Faust 1994; Wasserman and
Galaskiewicz 1994). For instance, Abbasi and Kapucu (2012)’s use of news articles pro-
vided a network visual of the evolution of responding organizations over a period of time
during a hurricane. Du et al. (2020a, b) provided a similar network evolution visual, but
specified the different sectors of responding agencies with the use of a variety of govern-
ment and non-governmental documents. Many scholars were able to use document analy-
ses to create network visuals that provided a comparison of both planned and implemented
response networks during disasters (Guo and Kapucu 2015; Hu et al. 2014; Liu et al. 2020;
Yeo et al.2021). This is a useful visual for practitioners, as being able to see how their
response relationships differed from plans to actual response can better support future plan-
ning of response. Alternatively, scholars like Hu et al. (2016), Sweileh (2020), and Tiwari,
Ilavarsan, and Punia (2019) used documents to visualize literature evolution in emergency
management. This is pertinent because as the research and field of emergency management
grows, understanding the “how” can provide both scholars and practitioners with an under-
standing of the emergent and evolving processes that will further efficiencies in emergency
management. Kapucu et al. (2011) specified how instrumental “archival,” or documentary
data was to visualize different sectors, and even agencies within certain organizations (i.e.,
National Voluntary Organizations Active in Disaster (NVOAD) members). The relation-
ships that network visuals provide as a result of documentary data, whether they are agen-
cies, scholars, key terms or literature have the ability to inform the historical basis of future
decisions.

3 Demonstration example

Exemplary of the above steps, the researchers utilized the central Florida region for a
National Science Foundation (NSF) awarded study. One of the goals of the study was to
characterize the relationships between stakeholders, in order to capture the effect of the
disasters on integrated community networks. This required the use of content analysis of
community resilience policy and planning documents with a focus on extracting organi-
zational network connectedness, hence the use of these documents for the demonstration
example for this article.
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3.1 Types of documents used

Since the goal for the study dictates what “types” of documents would need to be used,
for this study that need was “policy and planning documents” (Comfort et al. 2013, p. 21).
The researchers focused on the collection of policy and planning documents, which could
provide background information for interorganizational and affiliational relationships in the
central Florida region.

3.2 Document collection, identification, and selection process

The collection and identification process for the CEMPs was straightforward due to the
specific governmental agencies that were utilized and the support these documents would
provide towards examining the planned networks for resilient communities. The East Cen-
tral Florida Regional Planning Council (ECFRPC) provided access to these publicly avail-
able documents. The researchers collected CEMPs of eight (8) counties, one (1) city and
the state for the study.

3.3 Document review

Document review was not specified in the literature reviewed; however it was an essen-
tial component for specific agency document use. For instance, one central Florida county
emergency manager noted that the organizational agency list that was extracted from their
county CEMPs was missing the Florida Department of Health (FDOH). Upon further
inspection, the researchers found that this critical agency, while noted as such by the Direc-
tor, was only reflected in the CEMP once under the distribution list. This indicates that
while the document collection and coding are essential, document review is just as critical
to help determine the visible differences between the planned and implemented networks.

3.4 Codebook development and use

The document codebook and content analysis are essential components to ensure that
the appropriate data will be utilized for the analysis and visual of the organizational net-
work. Many codebook components were similar to previous studies (Butts et al. 2012;
Comfort, et al. 2013; Kapucu and Demiroz 2011; Yeo et al. 2018) and are reflected in
Fig. 4. Specific to this case study, the codebook included columns for organizational
contact information (for document that was obtained), funding mechanisms, federal ESF
designation, transactions and tasks for those organizations listed for the specific ESFs,
agency name, ESF role (primary, supporting, coordinating), county-specific ESF (may
differ from Federal ESF), type of document (CEMP, Strategic Plan, etc.), and document
category (local government CEMP, state CEMP). This allows the researchers flexibility
to designate relationships based on the different ESFs. Once the codebook is finalized
and content analysis included, the matrix can be created.
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Lake County Public Information Office

Lake County Office of Building Services 1

Lake County Property Appraiser’s Office 1 1 1
State of Florida Rapid Impact Assessment Team

Lake County Public Works Department 1

FDOH - Lake County 1 1
Lake County Office of Library Services 1

ARC 1

Lake County School Board 1 1 9 1] 1 1
Lake and Sumter Emergency Recovery (LASER) 1 1 1
Lake County Office of Housing and Human Services 1 11

FEMA

Florida Department of Economic Opportunity 1. 1 1

FmHA 1 1 1

FDACS 1 1 1

SBA 1 1] 1

LifeStream Behavioral Center 1 1 1 1
Salvation Army 1 1 1| 1 1

Fig.5 Sample of codebook matrix created from a section of the Lake County CEMP

3.5 Content analysis

@ Springer



Natural Hazards

Lake HHS

(] PIO
@FLRIAT
[ ] FEMA
FDOH Lake
SBA. FmHA
PW
FDEO. FDACS

Fig.6 Sample network visual based on the partial matrix in Fig. 5

For this case study, the content analysis of the CEMPs was done manually with the
focus on coding any organizations that were listed in the documents with a specific
task, whether they were related to other organizations or not. Figure 5 reflects a sample
matrix of a county’s codebook, with clusters of clearly related agencies, and some unre-
lated organizations (e.g., Lake County Public Information Offices (PIO), FEMA, and
FL Rapid Impact Assessment Teams (RIAT)) with tasks but no relationships with other
organizations (within the example provided). Williams and Shepherd (2017) noted that
researchers can “content analyze document[s] to [then] derive social network matrices”
(p- 274) based on the needs of the study.

3.6 Network analysis and visualization

As depicted in Fig. 5, the matrix for the case study utilized a “nodelist format” (Borgatti
et al. 2018) with binary coding, similar to Celik and Corbacioglu (2018). Unlike Celik and
Corbacioglu (2018), whose coding specified “frequency of interactions,” this case study
was only concerned with the existence of at least one interaction. Organizations for each
CEMP were organized horizontally and vertically, and then those with the same trans-
actions within a federal ESF were regarded as having a “relationship.” For instance, if a
CEMP denoted seven agencies were involved with ESF 9 Search and Rescue, with a trans-
action to “address the process of conducting and coordinating search and rescue actions
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following disasters” (Lake County 2018, p. 200) these agencies would all have a “1” in
relation to each other in the matrix, even if the tasks for each organization within were
different. Figure 6 depicts a network visual based on the partial matrix that was utilized of
Lake County (Fig. 5). Within this visual, there are “isolated” agencies (Public Information
Office, FL Rapid Impact Assessment Team and FEMA) that did not have any interactions
with the other identified entities; a cluster of four state agencies (Small Business Admin-
istration, Farmers Home Administration, Florida Department of Economic Opportunity
and Florida Department of Agriculture and Consumer Services) that only had interactions
within themselves; and a larger network of coordinating agencies. Network visuals of pol-
icy and plan documents like that of Fig. 6 can depict how the interorganizational network
of agencies should interact and provide a comparison to the differences of similar network
visuals based on actual interorganizational networks of agencies that did interact as a result
of a disaster. This visual was created using NetDraw in UCINET. A network visual not
only provides a graphical view of the organizational connections but provides a method of
“logical interpretation of the data available” (Comfort and Zhang 2020, p. 988) whether it
is the centrality of an organization compared to others in the network, the cohesion of the
relationships or support for further analysis of why there may be limited or complex inter-
actions amongst agencies.

This case study was an ideal example to outline the use of documentary data for net-
work analysis because many of the identification and collection steps were streamlined, but
the process can be simple even for more complex networks as long as the research is clear
on the purpose of the research and how documents can be used to fulfill that purpose.

4 Conclusion

Using a systematic literature review of studies that have utilized documents to study a range
of disasters, this work provided a step-by-step process for the identification, collection, use,
analysis and visualization of documentary data. Scholars have looked at the importance of
network visualization and their ability to quantify the importance of certain organizations
over others during a disaster, the “strength” of relationships between agencies in a network,
and the ties that need to be reassessed (Benzi and Boito 2020; Cross et al. 2009; Prell et al.
2009). This is especially pertinent to the context of disasters because documents provide
much needed detail about the involvement of different actors for disaster response.

There are a variety of documents that are used to study networks in emergency and cri-
sis documents, ranging from Comprehensive Emergency Management Plans (CEMPs) to
situation reports to newspaper articles to agency websites. All of these documents provide
a different value of information to the research based on the information sought by the
researcher. While a heavy majority of the disasters studied have been hurricanes, earth-
quakes and terrorist attacks have seen increasing study using documentary data analysis.
The process of data collection and analysis first includes asking questions about the pur-
pose of the research needs that can be met by the types of data. The process also includes
appropriate coding mechanisms created to identify the relevant information to then build
the matrices and network visuals. Coding the documentary data consistently to build the
matrix and then create a visual provides an understanding of how collaborations should
and do impact disaster response. These documents can showcase the organizational and
affiliation plans of networked response, as well as reconstruct how the networked response
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occurred. This in turn can help compare the two networks to support the updating of poli-
cies and plans as necessary to reflect stronger responses in the future.

Future research can expand the scope of methods by utilizing various types of docu-
ments simultaneously, whether formal or informal, to reconstruct different types of net-
works for insights and more cohesive responses. Additionally, Table 2 indicates a large
amount of research using documents for data analysis and visuals focused on hurricanes.
Future research could utilize this method for other disasters that require increasingly net-
worked responses, such as wildfires. Several scholars have been conducting studies on this
type of disaster (i.e., Nowell, Comfort), and utilizing documents to visualize the networks
for these disasters support better networked response in the long term. Lastly, the use of
information and communication technologies (ICTs) to assist with the capacities of how
organizational operations interact, communicate using different mechanisms, and store rel-
evant information for future reflection can further support the development and growth of
network analysis (Comfort, 1993; Hu and Kapucu 2016). With the increase of social media
(e.g., Twitter) as viable sources of information during emergencies (Abedin and Babar
2018; Karimiziarani et al. 2022), ICT and the use of big data analysis for disaster networks
would be fruitful as well.
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