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Introduction

The residential sector accounts for the majority (63%) of expected annual economic losses from
hurricane winds and flooding [1]. For new construction, building codes and land use policies are
effective ways to reduce future damage. Existing homes, however, typically must be voluntarily
strengthened. While government agencies, insurers, and mortgage lenders can exert influence,
ultimately homeowners control the decisions about whether, how, and when to strengthen their
homes. It turns out that few undertake such home strengthening to minimize hurricane damage
[2,3] despite the fact that for many households, their home is their largest asset, a primary
mechanism of preserving inter-generational wealth, a source of stability, and a place with great
emotional significance [4].

Recognizing the key role of households in reducing vulnerability to natural hazards, extensive
research has been conducted on household protective action decision-making in general (Section 2).
Nevertheless, relatively few previous studies have focused on building retrofit as a protective action.
Unlike emergency preparedness and response decisions and actions that occur in response to clear
signals (e.g., forecast of an impending hurricane landfall) and must be completed within a short
time frame (e.g., before landfall), mitigation decisions like whether to strengthen a home typically
evolve over an extended time. As a result, we believe they require different treatment.



In this paper, we introduce an innovative approach to: (1) examine the home mitigation process -
from a homeowner first becoming aware of the decision through completion of the physical retrofit
construction activity, and (2) allow the possibility that it may occur over an extended time frame.
The approach combines three key components that to our knowledge have not previously been
employed together: (1) the Precaution Adoption Process Model (PAPM) as a theoretical framework,
(2) a carefully designed dataset that merged the mitigation program's data and survey data, and (3)
a multi-state Markov model as a quantitative representation of the process. The PAPM framework
provides a theoretical grounding that can guide the data collection and modeling and connect the
work to other studies on household mitigation decision-making. The data collection uses real world
program data that tracks participant progress through a mitigation incentive program and augments
it with survey data that more specifically connects to the PAPM framework and enhances
understanding of participant attributes. The multi-state Markov model operationalizes the
framework and data to understand the process quantitatively, allowing us to determine not just if it
is a multi-stage process, but how long homeowners spend in each stage, the likelihood of ending in
various stages, and the variability of the process among homeowners. These capabilities help
improve understanding of the likely take-up rate of structural mitigation efforts and the factors that
drive it.

We illustrate the analysis approach for a case study that focuses on the specific homeowner decision
of participating in the North Carolina Insurance Underwriting Association (NCIUA) Strengthen Your
Roof program, which provides a grant of up to $6,000 to eligible policyholders to help pay to
strengthen their roofs to minimize vulnerability to hurricane wind damage. We address the
following research questions.

e RQI1. How long does the home mitigation process take?

e RQ2.How long does each stage in the home mitigation process take? At what
point(s) in the process do homeowners tend to get stuck?

e RQ3. How much does the process timing vary across the population?

Section snippets

Literature review

Many theoretical perspectives have been used to understand the risk-related decision-making of
individuals and households, including for example, the Protection Action Decision Model (PADM)
[5,6], Protection Motivation Theory [7,8], Theory of Reasoned Action [9], Theory of Planned Behavior
[10], Warning Response Model [11], Subjective Expected Utility Theory [12], and the Precaution
Adoption Protection Model (PAPM) [13]. In this study, we adopt the PAPM, described more fully in
Section 5, ...



Case study

North Carolina is highly prone to hurricane activity. Since 1851, 83 tropical storms have made
landfall in North Carolina, 47 of which were classified as hurricanes [39]. In the past decade alone,
North Carolina experienced several devastating hurricanes—Matthew, Florence, Dorian, Isaias, Elsa,
and Idalia—which have caused significant damage and losses of $55 billion [40].

In an effort to ensure that all households in North Carolina have access to homeowners insurance,
the state General Assembly ...

Method Overview

Fig. 2 provides an overview of the components of the analysis method introduced in this study. A
theoretical model based on the Precaution Adoption Process Model (PAPM) is first developed to
characterize the cognitive and behavioral stages a homeowner goes through in strengthening their
home through the SYR program (Section 5). With that theoretical understanding, data is collected
from two sources, the SYR program application system and a survey. Each observation in the dataset
offers ...

The Precaution Adoption Process Model

The Precaution Adoption Process Model (PAPM) is a stage theory framework that posits that the
decision to adopt new precautions in response to a hazard can be characterized as a series of
cognitive stages [13,44]. Theories such as the Theory of Reasoned Action, Expected Utility Theory,
and Protection Motivation Theory rely on a rational, cost-benefit description of an individual's
adoption of new preventative measures - that implicitly assumes that (1) the awareness of a hazard
or threat ...

Data

The dataset compiled for this study includes a row for each observation of each policyholder, and
columns describing: (1) policy number n, (2) PAPM stage i, (3) time t, and (4) observation type m
(transition or snapshot). For a transition observation type, the time represents the time at which the
policyholder first entered the stage. For a snapshot observation type, it represents an arbitrary time
at which the policyholder was observed in an associated stage but does not provide information as

Markov model

Multi-state models are widely used to describe the evolution of a process comprised of many states
or stages over a period of time. They are governed by transition intensities g;i(t) representing the



instantaneous risk at time t of moving from state i to j (Eq. (1)).
g; (t) = gz’m P (S (t+ dt) = j|S (t) = ) /dtIn this study, we use a homogeneous continuous-time
t—0

Markov model (Fig. 2, Step 3). Markov models are a type of multi-state model that possess the
“memoryless property,” meaning the likelihood of ...

Model description

The average transition intensities, g, estimated from the model are summarized in Table 4. The
transition intensity for unengaged to undecided about applying, qop,3p, is much greater than all other
transitions, implying that transition happens more quickly than other transitions. Conversely, the
transition between undecided to decided not to apply (q3q,44) has the smallest intensity, suggesting
that on average this transition takes longer than the others. As noted in Section 5, transitions ...

Discussion

All policyholders who were eligible for the 2022 program or started an application in a previous
program year were sent the online survey. Of this group, 6.6% responded to the survey and another
3.4% did not respond to the survey but started an application through the 2022 SYR program. It is
important to note that, since they did not submit an application, the other 90% of policyholders
must be unaware (Stage 1), aware but unengaged (Stage 2a), engaged but undecided (Stage 3a),
decided no ...

Conclusions and future work

In this study we used the PAPM stages of decision-making to investigate how long it takes
homeowners to strengthen their homes through a grant incentive program. Specifically, we
examined the time spent in each stage and how these durations, along with the total process time,
vary across the surveyed population. The results support our hypothesis that the decision to retrofit
can be considered a multi-stage process that is different from other hazard-related protective
actions due to the lack ...
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