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Abstract: Housing recovery, especially for vulnerable populations, can be a challenging process.
Questions regarding whether to rebuild damaged housing and whether to restore it to its previous
state or to build back better must be answered. In the United States, Long-Term Recovery Groups
(LTRGs) play a crucial role in channeling assistance to vulnerable community members as they embark
on housing recovery. However, the experiences of LTRGs have been understudied. To address this
gap, the study utilizes interviews with a diverse range of LTRG members and develops an agent-based
model following the Overview, Design concepts, and Details (ODD) protocol. The results highlight
the consequences of adopting or not adopting a Build Back Better (BBB) approach in post-disaster
recovery. Communities do not uniformly adhere to the same reconstruction approach, as evidenced by
insights from LTRG interviews. BBB implementation is uneven in US LTRGs. BBB has higher initial
costs but lower long-term costs because it increases community resilience and sustainability.

Keywords: build back better; recovery; disasters; LTRG; agent-based model

1. Introduction

After a natural disaster strikes, communities face recovery choices and challenges, includ-
ing whether to rebuild or not and how to rebuild [1]. A range of natural and human-made
elements can influence the extent and intensity of disasters, and increased intensity of disasters
is anticipated to be one of the consequences of climate change [2]. Our focus in this study is on
recovery by vulnerable populations from flooding, a disaster influenced by both human de-
velopment and climate [3]. Flooding directly affects well-being by causing displacement [4,5].
The aftermath of a flooding disaster presents many challenges, making the management of
projects aimed at post-disaster housing recovery (PDHR) a complex endeavor [6–8].

One framework for post-disaster recovery is the Building Back Better (BBB) philos-
ophy [9]. BBB aspires to be a transformative approach. Its purpose is to address the
vulnerabilities that contributed to the extent of the devastation, strengthening communities
against potential future disasters [9]. Ideally, planning for housing and societal change in
the wake of a disaster can assist communities in overcoming inequalities [10,11]. Advocates
urge that BBB can help avoid future reconstructions [12], thereby potentially saving billions
of dollars in future disaster recovery costs [13].

Vulnerable populations face amplified disaster and reconstruction challenges because
of their limited capacity to cope and recover. In the United States, Long-Term Recovery
Groups (LTRG) work with members of these populations. This paper contributes to the
body of knowledge on disaster recovery by bringing together agent-based simulations with
in-depth interviews of LTRG members in the United States. The model sheds light on the
repercussions of inadequate implementation of BBB. Additionally, it underscores the inherent
trade-offs associated with varying reconstruction strategies. By analyzing the BBB method
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and employing agent-based simulation, this study aims to enhance our comprehension of
LTRG stakeholder interactions and their ramifications for resilience and recovery.

We develop and test three hypotheses: 1. Implementation of Build Back Better is
uneven in United States LTRGs. 2. In the long term, utilizing Build Back Better could
reduce costs. 3. In the short term, Build Back Better is more costly and is consequently
more difficult for resource-constrained recovery assistance groups to implement.

This paper begins with an overview of the background of post-disaster housing
recovery (PDHR) and Build Back Better (BBB). It then proceeds in Study 1 to a discussion
of the interview methodology and key interview results to be incorporated into the PDHR
agent-based model. The model itself is then developed in Study 2 using the Overview,
Design concepts, and Details (ODD) protocol [14], and model results and validation checks
are then examined. We conclude with a discussion of some of the key challenges of
achieving BBB in the context of PDHR efforts led by LTRGs and reasons for optimism and
caution concerning the feasibility of the approach.

2. Literature Review

This study builds upon and contributes to several bodies of literature, including
disaster and risk management, disaster recovery and BBB, the role of LTRGs, and agent-
based modeling. In this section, we review key elements of the literature in these areas.
The key unanswered puzzles in the literature include whether and to what extent LTRGs
contribute to BBB and the key reasons for use or non-use of a BBB approach by LTRGs and
other post-disaster recovery efforts.

Many challenges develop in the aftermath of a catastrophe, creating obstacles for
PDHR project management, including efficient coordination of resources [15], establishment
of appropriate objectives [16], funding, supply chains, and labor shortages. Interventions
may not achieve their intended benefits if they do not manage these challenges well [6,17].
The difficulties in managing policy development and execution could be linked to disaster
governance [18], as well as the alignment of federal and local policies [12,19]. Establishing
permanent housing is a crucial element of post-disaster housing recovery (PDHR) as it
significantly affects community resilience, social and economic rehabilitation, and many
related recovery initiatives [20,21].

If the PDHR risks and obstacles are inadequately handled, they can undermine housing
recovery plans [12,22], leading to delay and displacement [12,23] that violate expectations
for a reasonable recovery period [24] and producing an incomplete and unequal recovery,
particularly in socially disadvantaged regions [10,25]. Responding effectively to these
challenges puts a premium on effective coordination across levels of government, as
local governments often lack the resources for recovery on their own [12,26–28], even as
they necessarily play a critical role in mitigating disaster-related damages [29,30]. Those
involved in PDHR face the challenge of minimizing recovery duration and expenses
while mitigating adverse community effects, as well as the challenge of seeking to reduce
vulnerability to future hazards, making for a challenging post-disaster recovery task [24,31].

Build Back Better (BBB) potentially makes of disasters an opportunity. Ideally, the
integration of disaster risk management and climate change adaptation through BBB will
enhance resilience for unforeseen challenges, thereby contributing to long-term sustain-
ability in the face of the challenges posed by climate change [2,32]. Interest in resilience
across various levels has been generated because of the desire to proactively enhance infras-
tructure and community sustainability, mitigating losses from natural hazards [12,24,33].
In a report prepared for the World Bank, Hallgate et al. [13] estimated that the annual
benefits of building back better could be as much as USD 173 billion annually. Embracing
a comprehensive approach that encompasses financial and political aspects strategically
in response to disasters might yield positive outcomes, fostering safer and more resilient
societies [34]. Ideally, such programs can swiftly and efficiently deliver aid to households
in crisis while also contributing to long-term poverty alleviation [35] in a high-quality
community-appropriate recovery strategy [36,37] that builds resilience [38].
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Establishing BBB as a strategy for reconstruction and recovery may offer benchmarks
for disaster risk reduction (DRR), community recovery, and efficient and/or effective strat-
egy implementation [39–41]. BBB aims to go beyond immediate lifesaving and alleviation
of suffering [42] by making of the reconstruction phase an opportunity to tackle and rectify
vulnerabilities within communities [40,43]. The aim is to avoid reconstructing with the
same vulnerabilities and to enhance conditions [42].

In the United States, Long-Term Recovery Groups (LTRGs) are established by the
state/local Voluntary Organizations Active in Disaster (VOADs), drawing on members
of the community and thus comprising diverse local stakeholders including community
members and VOADs. These groups are typically established with support from the
United States Federal Emergency Management Agency (FEMA). These groups help initiate
permanent housing reconstruction and planning. This process aims for a recovery that is
more sustainable and resilient [12,44]. There has been limited effort by researchers to seek
insights from LTRG participants regarding disaster recovery planning, but determining
requirements and obstacles is critical for understanding the challenges of applying BBB
to each unique situation [36,45]. Previous research suggests that insights from LTRG
members regarding recovery planning underscore the critical role of resilient recovery
within PDHR [45]. However, it is unclear whether LTRGs effectively utilize BBB, despite its
potential value for long-term recovery. For LTRGs, it is possible, for instance, that recovery
of a secure and private residence, as well as continuity of employment and other income
sources, may take precedence over BBB considerations. Even if the aspiration for BBB is
widespread in LTRGs, it might not be consistently prioritized because of perceived trade-
offs involving recovery speed and costs. No previous research speaks comprehensively to
these questions, and we will begin to fill this gap in Study 1 below.

Our search for answers to these questions is aided by the construction of an agent-
based model built based upon interviews with LTRG members in Study 2. Agent-based
modeling (ABM) can simulate complex systems by representing individual agents with
distinct characteristics, interactions, and decision-making abilities [46]. Policymakers and
scholars can gain invaluable insights into the dynamics of resource allocation, planning, and
resiliency over time by using ABM in the context of PDHR and BBB philosophy [47]. The
traditional approach to disaster recovery often overlooks the interactions that shape how
communities evolve and rebuild. However, ABM adopts a perspective that allows us to
understand how the decisions of individual agents, such as homeowners, local authorities,
and aid organizations, shape the recovery trajectory together [48].

We use an ABM approach because it has the flexibility to model the interactions
and decisions of the diverse agents involved in the PDHR process. In PDHR, it is very
common to have different stakeholders involved in the process, such as government
agencies, non-government agencies, contractors, and homeowners [49], and this modeling
technique can adapt to such scenarios. The agent-based model was chosen over System
Dynamics (SD) because SD would have less capacity to capture individual-level behavior
and variability [50]. Agent-based modeling was chosen over Monte Carlo Simulation (MCS)
because, for a PDHR scenario that involves different agents, MCS will not necessarily
capture the interactions and emergent behavior of the agents [51].

Agent-based models have been applied in a wide range of disaster response areas,
including emergency evacuation scenarios [43,52], shelter awareness [53], post-disaster
recovery across various urban settings [48], and emergent properties concerning disaster
severity [54]. Among the models most similar in spirit to the one we built is one us-
ing a bottom-up multi-agent-based model that replicates stakeholders’ decision-making
processes and integrates established vulnerability indicators into stakeholders’ objective
functions, effectively guiding reconstruction initiatives [55]. Models demonstrate the in-
teractions between individual, community, and organizational decisions, showing how
internal and external interactions significantly impact household decisions and mold the
trajectory of recovery progress [47]. Models can potentially facilitate the creation of a
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comprehensive disaster management framework to aid decision makers in estimating the
impact of natural catastrophes on housing [56].

The model developed here simulates the recovery process, offering LTRGs the oppor-
tunity of applying a BBB philosophy to varying degrees, thus providing a way to theorize
and extrapolate based upon the information provided by the LTRG interviews. It includes
the key choices LTRG members indicate they experienced and provides a means to examine
key trade-offs between different PDR recovery strategies as articulated by LTRG members.
There are similarities between our model and prior models. For instance, as Eid and El-
Adaway [55] and Nasrazadani and Mahsuli [56] addressed with their models, we model
disaster recovery facing risk and vulnerabilities, and as Moradi and Nejat [47] focused on,
we also highlight the importance of PDHR funding. Our model is unique in part because
our model-building process involves developing a model for resilient PDHR based on the
experiences of LTRG members using an agent-based model technique. It is also unique
relative to those prior models in its focus on the consequences of utilizing (or not) BBB.

3. Study 1: Long-Term Recovery Group Interview Methodology

Long-Term Recovery Groups (LTRGs) sit at a critical intersection between governmental
and community-led efforts at disaster recovery. The perspectives of their members are
therefore potentially a rich source of insight concerning BBB challenges and opportunities.
Nevertheless, there is not enough research focused on how to facilitate PDHR in flood-prone
areas, especially research examining a Build Back Better philosophy for sustainable, resilient
disaster recovery that involves LTRG members. The extant research on LTRGs consists of two
case studies: one focused on New York, and the other on a Texas county [50,57].

Figure 1 illustrates a basic activity flow of the disaster recovery process focusing on
building back to a habitable state or Build Back to Better (resilient). As will be developed in
more detail below in the discussion of the model, this diagram provides a visual represen-
tation of the model and the interactions among the different actors/agents. After a disaster
takes place, the owners of damaged houses must decide whether to rebuild (and whether
to build back better) with choices that are influenced by the availability of resources from
insurance and aid from groups such as LTRGs.
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Long-Term Recovery Groups (LTRGs) are commonly established with support from
the United States Federal Emergency Management Agency (FEMA), usually following
a natural disaster, to facilitate and organize community initiatives for disaster recovery.
These groups work with vulnerable populations, facilitating recovery by coordinating the
efforts of volunteer organizations, charities, and community stakeholders. The data for
this study were gathered by interviewing LTRG community members in ten coastal states,
three non-coastal states, and the US territory of Puerto Rico. The focus was on the LTRG
involved in managing significant flooding disasters that transpired between 2017 and 2022.

Initial contacts were made through a comprehensive search of recent major federal
disaster declarations in the US states and Puerto Rico that involved flooding, followed
by a search of Long-Term Recovery Groups available in those states/counties. From
there, all identifiable members of LTRGs were then contacted and asked to participate
in an interview. LTRG members in California, Florida, Kentucky, Louisiana, Maryland,
Mississippi, Nebraska, New York, North Carolina, Ohio, Puerto Rico, South Carolina,
Texas, and Virginia participated. In total, 32 interviews were completed over Zoom, and
transcripts were created of the interviews for subsequent analysis.

One of the key interview questions for the purposes of this paper was the following:
“Did the locality have a Build Back Better philosophy that is reflected in a recovery plan?”
Answers from LTRG members to this question, in the context of their answers to other
questions concerning disaster response, were analyzed using NVIVO software version 12—
to identify statements related to the implementation or non-implementation of Build Back
Better. Out of the 32 interviews, only 23 were found to possess knowledge about the Build
Back Better philosophy and provided responses that could be coded for further analysis
regarding the extent to which this philosophy could be implemented. This approach
allowed for a more targeted analysis of the extent to which this philosophy was perceived
to be implemented based on their input. All analyses below focus on the interviewees who
provided codable responses concerning BBB. (In accord with the IRB approved protocol
for this study, answer to each specific interview question was voluntary. The remaining
interviews either did not include answers to this question or had an answer to this question
which lacked sufficient information to clearly delineate a category.)

4. Long-Term Recovery Group Interview Results Concerning BBB

The initial focus of our analysis of the LTRG interviews was to code the extent to
which BBB had been applied or was being applied in the post-disaster recovery process(es)
their group was engaged with. After this, we categorized the reasons provided for the
strategy choice.

We analyzed the responses to gauge the extent to which participants indicated imple-
mentation of a “Build Back Better” approach in the reconstruction of homes for members
of vulnerable populations in their respective areas. Figure 2 shows that approximately
1/4 of responses (25%) indicated that the focus of reconstruction efforts was to get disaster
victims’ houses back to where they were, i.e., to merely “get that place habitable” or to get
housing back to a place where it was “safe, sanitary and secure and addressing basic needs”.
Slightly more respondents (28%) discussed reconstruction efforts that involved a limited
application of Build Back Better ideas, often bounded by cost and feasibility constraints.
Finally, approximately one in five respondents (19%) described recovery and reconstruction
efforts that placed major emphasis on BBB. Slightly more than one quarter of respondents
(28%) did not respond to the question on Build Back Better, or provided a response which
could not be categorized.

As we categorized reasons for the strategy choice, three main reasons emerged from
the coding for the failure to apply BBB: costs, time, and awareness. Building back better
is costly both in terms of financial resources and time. Respondents often emphasized
points that suggested that it “is just not realistic because of funding and capacity concerns”
and that “it has been more difficult to find the money that will cover some improvements
that need to be made in homes in order to make them . . . storm hardened.” Another



Sustainability 2023, 15, 16424 6 of 16

respondent stated the following: “There’s not usually enough funding to let us be able to
do batch mitigation type of activities. But we’d like to, but it’s usually a funding problem.”
Respondents also noted that building back better was often a low priority in the initial
disaster response—something that might be dealt with later when there was more time.
“There’s a challenge of time to you know, how long is it going to take to improve this
infrastructure, or do we just need to get something open again?” Also, some respondents
emphasized that community members may misunderstand the meaning of the “100-year”
flood probability estimate, thinking that “this was a 100-year flood, we will not have one
for another 100 years” when this flood zone is meant to characterize probability rather than
regular periodicity. Finally, some indicated that their awareness of the approach is recent,
and that they planned to utilize it in future recovery efforts: “I don’t think we did. That
was not a thing back then. We just wanted to get them back to their pre-disaster status. Like
going forward? Yes.” Lack of awareness may also account for a share of the non-codable
responses mentioned above.
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It is not clear that this strategy would lead to building back better; it could alternately
eliminate some of the most vulnerable housing or leave it in a degraded state.

5. Study 2: Agent-Based Model Methodology

This section explores the challenges and approaches to BBB in post-disaster response
through an agent-based model. In the model, we vary the financial and time capacity
for Build Back Better. We can also vary the approach to BBB, focusing primarily on the
regulatory and direct aid strategies for BBB. The model aims to capture core elements
of the experience of LTRG members in the BBB space while allowing us to simulate the
consequences of various approaches over time.

The Overview, Design concepts, and Details (ODD) protocol for defining agent-based
models (ABMs) is used to describe the model. As Grimm et al. explain, it is not only
beneficial as a workflow for model design, but also for providing a clear and logical
exposition of the structure of ABMs [14]. ODD is less technical and focuses on improving
communication within and between disciplines. ODD’s hierarchical structure helps the
reader to have an overview of the overall model before delving into minutiae. The design
concepts feature provides further information to help readers understand why the model
was designed the way it was [14].

Method

Outlining an agent-based simulation using the Overview, Design concepts, and Details
(ODD) protocol is vital for PDHR as it offers a structured framework to comprehend and
enhance the recovery process. In this study, we present our model based on the 2020 version
of this protocol, as outlined by Grimm et al. [14].

I. Purpose and patterns: the model was built to reflect the experiences and expertise of LTRG
members and to analyze the consequences of Build Back Better for long-term disaster
recovery and the creation of resilience through repeated experiences with disasters.

II. Entities, state variables, and scales: The key entities will be homes (each of which may
have a homeowner) and one or more associated disaster recovery groups/agencies.
The homeowner and the disaster recovery group are both agents within the model who
can make decisions about whether and how rebuilding happens after a disaster. Homes
exist in a space with varying levels of vulnerability to disasters which will periodically
occur. Homes also have or do not have private insurance and other private resources
and receive or fail to receive government assistance in a post-disaster situation.

III. Process overview and scheduling: When a disaster strikes, the homeowner will
gather information about potential sources of assistance (and potential incentives or
requirements to adopt Build Back Better techniques) and will then determine how
to repair/rebuild their home. Adoption of BBB techniques may change the home’s
disaster vulnerability profile. Over time, homes may also not be rebuilt and disappear.

IV. Design Concepts:

a. Adaptation: through BBB, houses may adapt to have lower disaster vulnerabil-
ity profiles. Whether this happens depends upon the interaction between the
homeowner, other agents (e.g., LTRGs and government rules/entities), and
the environment.

b. Learning: agents have perfect information about their risk profile.
c. Stochasticity: disasters will be stochastic in terms of their severity relative to

house disaster risk profiles. All houses with a survivability value lower than
the disaster magnitude random variable will be damaged.

d. Observation: agents will observe disasters and/or vulnerability metrics to
shape decision making about building back based on predictions concerning
the costs and benefits of building back better versus a return to status quo
versus abandoning/demolishing the house.

e. Emergence: depending upon the extent to which BBB is feasible/incentivized
and the extent to which building back of vulnerable properties occurs, higher
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levels of resilience (lower levels of disaster vulnerability) may or may not
emerge over time.

f. Interaction: agents interact with houses through decisions regarding whether
to rebuild or not and whether to build back better.

g. Observation: agents observe houses after disasters and observe the vulnerabil-
ity of houses to a future disaster.

V. Initialization:

a. A total of 10,000 houses/households are created, each with a risk profile drawn
from a normal distribution with user-set mean and standard deviation.

b. Each household has a recovery budget and insurance status (which will shape
whether aid is needed for recovery).

c. The overall system is initialized with several parameters, including (1) the
Build Back Better cost multiplier (whether building back better costs more in
terms of cost per unit of vulnerability reduction than building back to the prior
level), (2) the time discounting factor on future costs (influences the extent
to which households and agencies value long-term risk reduction from BBB),
(3) the presence of budget for and rules requiring BBB, and (4) the extent of
BBB (how much vulnerability reduction is attempted through BBB).

VI. Input Data:

Estimating the cost of houses with varying degrees of damage after a disaster can be a
difficult and variable task as it is dependent on a variety of factors, such as the magnitude
of the disaster and the extent of damage. The cost of house repairs or recovery can be
divided into the following categories based on the severity of the damage:

a. Minor Damage: This category includes minor repairs that do not significantly
affect the house’s structural integrity. For instance, minor cracks, broken
windows, or damaged roof shingles.

b. Moderate Damage: Moderate damage involves more extensive repairs that
impact the house’s aesthetics and functionality. It may include partial roof
damage, structural cracks, and water damage to some areas of the house.

c. Severe Damage: Severe damage typically requires major repairs or reconstruc-
tion to recover the house to a livable condition. This can involve significant
structural issues, extensive water damage, or damage to a substantial portion
of the property.

d. Total Destruction: In cases where the house is destroyed and rebuilt from
scratch, the costs can be substantial. It is recommended that the house will
not be rebuilt, instead offering a buyout or moving the households to another
resilient community.

6. Agent-Based Model Results

To evaluate the validity of the model we ran a variety of scenarios. Three basic
scenarios are depicted here to validate the basic mechanics of the model: no build back,
build back the same, and Build Back Better.

Scenario 1 serves as an illustrative example depicting the consequences of a policy
regime wherein no reconstruction efforts are undertaken. In this scenario, houses suffering
severe damage and facing total destruction are systematically removed from the housing
stock, while those with moderate and minor damage deteriorate, becoming more vulnerable
over time. In Figure 3, we can observe the temporal evolution of two key parameters: the
number of houses that remain intact and the mean survivability (which is the inverse of
vulnerability) of these houses. As time progresses, we notice an improvement in the mean
survivability of the remaining houses. This is primarily because only relatively invulnerable
houses endure in the housing stock, as degraded houses are typically not rebuilt and tend
to be demolished. However, the overall number of houses steadily declines over time. By
the conclusion of the 100th period in the simulation, less than 40 percent of the original
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housing stock remains intact. It is important to note that this specific simulation run is
more severe in its impact on the housing stock than the average run. On average, when
considering 1000 runs of this scenario, approximately 45 percent of the housing remains
standing after 100 periods. This data underscores the critical need for policy interventions
that focus on reconstruction and damage mitigation to ensure the sustainability of housing
stocks over time.
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Scenario 2 depicts a situation in which reconstruction occurs for all houses, yet it
merely restores them to their pre-damage state, maintaining the status quo ante. In this
particular scenario, the vulnerabilities that originally led to damage remain unaddressed
and the houses are not fortified against future harm. This recovery approach closely aligns
with the experiences recounted by a significant portion of the respondents during our
interviews. As depicted in Figure 4, this course of action results in perpetuation of the same
level of vulnerability (survivability) over time. Moreover, it leads to an ongoing pattern of
loss for the most vulnerable houses throughout the model run. Highly vulnerable houses
continue to suffer damage repeatedly over the course of 100 runs, and after each instance
of damage, they are rebuilt, often multiple times, and return to their previous state. When
examining a thousand runs of this scenario, it becomes evident that the percentage of
houses damaged per period remains consistent at around eight percent. This persistence
can be attributed to the recurrent cycle of damage and subsequent reconstruction that
characterizes vulnerable properties in this scenario.

Scenario 3 adheres to the principles of “Build Back Better.” This approach focuses on
reconstructing houses with the aim of ensuring they can resist disasters more effectively
than before, resulting in a survivability increase of 0.2. Figure 5 provides a visual repre-
sentation of a typical model run in this scenario. Early disasters in the run led to notable
improvements in the mean survivability of the housing stock. By approximately period 20,
very few houses were experiencing damage, and the average survivability of the housing
stock had risen from its initial starting point of 1 to a level exceeding 1.2. When we analyze
a thousand runs within this scenario, a compelling trend emerges. The average number of
houses damaged per period consistently decreases, dropping from eight percent to merely
one percent. This decline can be attributed to the enhanced survivability of houses, a
direct outcome of the improvements enacted through the Build Back Better strategy. This
approach demonstrates its effectiveness in safeguarding communities against disasters and
minimizing the extent of damage sustained over time.
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The scenarios depicted in Figure 3 through 5 collectively demonstrate that the model
is functioning as anticipated, aligning closely with the findings from the LTRG member
interviews. Within these scenarios, we can clearly observe three distinct outcomes. First, the
“build back the same” approach results in the perpetuation of the same level of vulnerability,
essentially maintaining the status quo. Second, the “Build Back Better” strategy contributes
to an increase in resilience, offering a viable path towards greater disaster resistance. Lastly,
when there is no recovery, it leads to the eventual elimination of the most vulnerable
housing, underscoring the critical role of recovery measures in safeguarding communities
and enhancing overall resilience. These insights from the model findings closely corroborate
the real-world experiences and perspectives shared by LTRG members.
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variation, acknowledging that what suits one community might not necessarily be suitable
for another.

Particularly for communities with housing structures more susceptible to vulnerabil-
ities, the argument for Build Back Better as a means of long-term cost reduction stands
out. Figure 6 serves as an illustration, showcasing how, in our simulations, BBB demon-
strates significant benefits in terms of disaster risk mitigation, long-term cost savings, and
planning. This depiction is based on the parameter values derived from scenarios two and
three, with each scenario undergoing 1000 simulation runs.
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Communities embracing the BBB strategy are statistically more inclined to endure
fewer losses and damages in subsequent disasters over 100 simulation periods. This results
in reduced financial burdens and fewer disruptions to the daily lives of local inhabitants.
Notably, under the parameter values considered, the overall reconstruction costs under
BBB are merely a fraction (a little more than 1/3) of those incurred through mere replication
of the same level of vulnerability (BBS). In the long term, Build Back Better equates to
financial savings. Opting for the BBB approach not only yields reduced losses and damages,
but also presents a cost-effective means of securing a community’s resilience against future
disasters, ensuring a more sustainable, economically feasible path forward which is less
vulnerable to natural disasters and climate change.

However, there is a crucial near term versus long term trade-off. As many LTRG
interviewees emphasized, disaster recovery efforts are typically resource constrained,
making it difficult to fund even basic recovery of vulnerable populations, let alone recovery
to a significantly higher level of resistance to damage. Figure 7 uses the model runs
examined in Figure 6 to calculate average rebuild cost per period for the two scenarios.
The figure demonstrates that during the initial period, the average cost of implementing a
BBB approach is significantly higher compared to the cost of rebuilding to the same level
of vulnerability. It is only after several time periods that the cost savings of BBB begin to
clearly emerge.

It is crucial to understand that using a BBB philosophy depends on successful execu-
tion, sufficient money, and broad community involvement. The potential benefits might
not be fully realized without a solid plan and strong commitment from all stakeholders.
Additionally, the initial expenses for recovery in a post-disaster setting are higher, even
though these can yield significant long-term savings.
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Figure 7. Short-term higher costs versus long-term savings: per period average rebuild costs of Build
Back Better versus build back the same.

Because of the heightened short-term cost and longer-term cost savings, whether
BBB is feasible depends significantly on the time discount rate of policymakers. Figure 6
characterizes results with no time discounting, which implies that costs 80 years from
now are as much of a concern as costs in the first year. In economics, time preferences are
typically modeled with exponential discounting rates—a discount rate parameter delta (δ)
which ranges between zero and one. When modeling decisions concerning future costs and
benefits, the delta is raised to the power of the time period n and is then multiplied by the
utility. Thus, the present discounted value of $ 10 at time n is $ 10δn. For example, if delta
equals 0.5, then $ 10 next year is only worth $ 5 = $ 10δ in the present, and $ 10 in two years
is only worth $ 2.50 = $ 10δ2 in the present. Figure 8 revisits the analysis from Figure 6, but
this time with a time discount rate of δ = 0.9 instead of δ = 1, thus showing how different the
calculation of value from a less future-focused planner would be. Because the higher costs
of BBB come early, these weigh more heavily in the evaluation now, and the result is that
there is less of a clear advantage for either BBB or BBS. This suggests that one reason for
the variation in BBB utilization among LTRGs may be that those involved in some PDHR
efforts may be more future-oriented than others. Politicians or others operating on a short
time horizon may be responsible for constraining the budget for BBB in ways that, over the
long term, will make their communities worse off.
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7. Discussion

This paper has combined two studies using distinctive methodologies. Study 1 used a
qualitative interview-based approach that involved requesting interviews with all identifi-
able members of LTRGs formed to address federal disaster declaration floods in the United
States between 2017 and 2022. Qualitative analysis of these in-depth expert interviews
provided insights into the consequences of BBB and the challenges that limit the extent to
which BBB occurs, especially the challenges of managing the resources of time and money.
Study 2 built on this initial qualitative analysis to create a simulation model that examines
the consequences of BBB and replicates the trade-offs between short-term rapid recovery
and long-term building back better that LTRG members discussed in the interviews.

One of the key reasons often given for engaging in BBB is that, by reducing vulner-
ability, it can reduce future damage. As noted previously, Hallgate et al. [13] estimated
annual benefits of USD 173 billion from implementing BBB. Figures 5 and 6 are consistent
with such claims of BBB savings. By reducing vulnerability, BBB can have a transformative
impact on the frequency with which disasters cause significant damage. Although it is
beyond the scope of our analysis, it seems likely that such strategies could reduce not only
property damage, but also the number of lives lost. They would also aid in adaptation to
climate change.

However, this finding is in tension with the actions taken by a large portion of the
Long-Term Recovery Groups (see Figure 2), more than half of which either do not employ
BBB principles or apply only a very limited BBB strategy. In many cases, one of the key factors
discussed by LTRG members for the limited use (or absence) of BBB was that BBB was too
costly. Since advocates suggest BBB leads to major savings, this result could seem paradoxical.

Here, the simulation model helps identify the key challenge, which is a short-term ver-
sus long-term cost–benefit trade-off. Because building back better requires more resources
initially, and then provides long-term benefits through reduced vulnerability, policymakers
who are focused on short-term considerations may fail to acknowledge and take advantage
of the long-term savings associated with BBB. In the interviews, LTRG members exten-
sively discussed the funding challenges associated with recovery. Constraints in near-term
funding for BBB, the logic of the simulation suggests, typically lead to higher long-term
costs. However, policymakers, insurers, and homeowners focused on short-term goals
(e.g., winning the next election or moving back into a damaged house as quickly and
inexpensively as possible) might be unwilling to pay those up-front costs.

Some LTRG members described approaches that potentially remedy some of these
short term versus long term challenges. For example, some of the LTRG members most
heavily involved with BBB efforts emphasized that BBB was not merely a matter of govern-
ment aid, but equally a matter of requiring private sector (e.g., insurance- and homeowner-
funded) reconstruction efforts that also followed BBB principles through more stringent
building codes. These regulatory efforts are potentially vital to ensure broad-based BBB
reduces the vulnerability of housing stocks across the impacted region. Furthermore, by
spreading the costs and reducing collective action problems among insurance companies,
these regulatory efforts may be particularly critical in making BBB widespread in the USA.

Another facet of the solution to this short term versus long term problem for BBB is
awareness. As some LTRG members noted in the interviews, a precondition for applying
BBB is understanding the benefits it can provide, and studies like this one can hopefully
contribute to that awareness, highlighting the potential that investments made in BBB
today can pay off over time by reducing the extent to which both property and lives are
damaged by future disasters. As Figures 5 and 7 show, the payoff from the higher initial
costs of BBB can begin to be felt quite quickly.

8. Conclusions

The challenges posed by flooding have a profound impact on coastal areas and un-
derscore the importance of the post-disaster housing recovery (PDHR) process. These
consequences often disproportionately affect vulnerable populations, underscoring the crit-



Sustainability 2023, 15, 16424 14 of 16

ical need for a comprehensive and well-coordinated planning and recovery phase. Climate
change-induced sea level rise has the potential to further exacerbate those vulnerabilities.

The scarcity of studies focusing on housing recovery that draws on the experiences of
Long-Term Recovery Groups (LTRGs) highlights a gap in understanding how to effectively
assess and compare community rebuilding processes. This paper’s primary aim is to
heighten awareness regarding the imperative of strategic planning for resilient housing
recovery. Drawing upon the knowledge gained from the experiences of LTRG members
in previous US disasters, a model has been developed. This model facilitates analysis of
the extensive impact of implementing the BBB approach on promoting sustainable and
resilient post-disaster housing recovery.

The use of agent-based modeling (ABM) provided us with a powerful approach to
understanding the complex PDHR system, such as the dynamics of housing recovery after
flooding. ABM enabled us to simulate the interactions and behaviors of individual agents
within a larger system, providing insights into emergent events that would otherwise be po-
tentially undetectable using traditional methods. ABM allowed us to investigate the complex
relationships between housing quality, community resilience, and long-term strategies.

The proposed study holds significant implications for a diverse array of stakeholders,
encompassing both governmental and non-governmental entities, as well as the community
and homeowners. We found support in the interviews and the model for all three main
hypotheses mentioned above. There is widespread recognition of the potential long-term
cost savings associated with BBB. However, in the short term, BBB entails higher costs.
Partly because of the costs and other implementation challenges, there is variation in the
extent to which BBB is implemented in post-disaster recovery in the United States. Through
this combined wealth of experiences, a more comprehensive understanding of the complex
obstacles and potential advantages linked to BBB housing recovery strategies comes to
light. The model, highlighting the significance of sustainable approaches, envisions a future
where communities affected by disasters can not only rebuild but also flourish despite
challenges. As climate change increasingly exacerbates the occurrence and intensity of
natural hazards, this research could aid policymakers, practitioners, and communities
striving to bolster their resilience and reinforce their housing structures. By drawing from
the LTRG members’ experiences, it paves the way for more informed decision making and
proactive measures aimed at protecting vulnerable populations and promoting a brighter,
more resilient future for coastal areas and beyond.
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