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Current approaches to floodmanagement are increasingly insufficient to deal with

intensifying flood trends. In this paper, we define and map out the responsibilities

and relationships of local, state, and federal governing entities at various levels.

We use these relationships to identify gaps in governance needed to address

the high financial, human, and infrastructure costs of flooding. This paper

offers a description of current flood policies and provides recommendations for

innovations in policy solutions to improve governance gaps. We identify three

themes from the literature on intergovernmental relations and flood governance:

(1) intergovernmental relations (interlinkages and gaps) for flood governance; (2)

risks inherent to flood governance (financial, physical, social and individual, and

perception of risk); (3) data adequacy and interoperability.

KEYWORDS

multi-level governance, disaster and risk management, United States, flood-control risk
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Introduction

Global economic damages from extreme events (e.g., floods) are expected to double over
the next several decades due to climate change (e.g., Dottori et al., 2018). The objective of
disaster risk management approaches is to decrease the economic and human vulnerability
impacts of extreme events. The complexity of current policy networks, however, creates
gaps and redundancies in communication and responsibility among local, state, and federal
government agencies (i.e., intergovernmental relations); these gaps and redundancies can
inhibit coordination for prevention, response, and recovery; resource allocation; distribution
of responsibility; and resilience planning (Adger et al., 2005; Amundsen et al., 2010;
Munene et al., 2018; Ishtiaque et al., 2021). Understanding intergovernmental relations
through formal and informal interlinkages is an important step for improving disaster risk
management, policies, and institutions (Ongaro et al., 2010, 2011; Roberts, 2011).

In this paper, we identify governance gaps in the United States by conducting
a narrative literature review on the role of federal policy for resilience and flood
response. In the United States, local governments are the primary entity responsible
for creating response plans, allocating funds, and reacting to extreme events. Local
governments are also responsible for implementing standards of coastal development
and flood management imposed by state or federal legislation. At the state level,
the state legislature sets and manages the state’s disaster management and recovery
responsibilities and disburses federally designated funds to localities when state funds have
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been exhausted. At the federal level, the Federal Emergency
Management Agency (FEMA) administers recovery programs,
policies, and funding that encourage coastal states to better protect
their coast and mitigate future flood risks.

We focus on the context of the United States for several
reasons. First, damages inflicted by flooding in the United States
are substantial; flooding accounts for approximately 7.8% of the
total losses due to natural disasters at an average cost of $4.3 billion
per event.1 Increasingly severe and frequent flooding jeopardizes
safe water supplies and key infrastructure (IPCC, 2012; Climate
Adaptation - Drinking Water Quality and Health | US EPA, 2022),
property values (Gordon, 2014), ecosystems (IPCC, 2012; Climate
Adaptation - Drinking Water Quality and Health | US EPA, 2022),
and agricultural yields (Trujillo et al., 2015). Additionally, flooding
exacerbates erosion and contributes to toxic algal blooms in coastal
regions, negatively affecting both human health and the natural
ecosystems (Carter et al., 2019). Second, the scope and scale of
governance structures in the United States are significant; private,
public, state, local, tribal, and other actors all have differences
in attitude, resources and policies toward flood management.
Finally, the range of geographies that experience flooding within
an array of ecological, topographical, and hydrological settings is
considerable. The types of flooding the United States experiences
are diverse and must also be addressed by policy: coastal, fluvial,
pluvial, storm surge, and flash flooding occur across the geographic
range. Though we focus on the United States context, mapping
interlinkages and gaps in responsibility, communication, and
governance in the context of flooding can provide insights for flood
management and disaster governance beyond the borders of the
United States.

With respect to extreme events, we focus our attention
specifically on flood governance because the context is well-suited
to examining problems of intergovernmental relations. Approaches
to flood management in the United States are largely decentralized
(Roberts, 2011; The Midterm Review of the Implementation
of the Sendai Framework for Disaster Risk Reduction 2015-
2030: Voluntary National Report – United States of America,
2022). Local institutions rely on a networked arrangement of
intergovernmental coordinated responsibilities that requires a high
degree of synchronicity for successful performance. This approach
is rooted in the idea that natural disasters and industrial hazards
(oil spills, improper waste disposal, man made environmental
injustices, etc.) are too locally specific for response to be purely
federal responsibilities (Roberts, 2011). Though all levels of
government have shared disaster policy goals (e.g., reducing flood
damage, repairing infrastructure, and creating protocols to lessen
future harm), federal intervention is particularly challenging, as
sub-national entities have abiding disaster response institutions,
strong policy preferences, and the costs and benefits of risk
mitigation do not always align across levels of government
(Roberts, 2011; Lyles et al., 2014).

Though the approach to flood governance in the US is
largely decentralized, the federal government plays a non-trivial

1 Since 1980, floods that accompany severe storms and tropical cyclones

have accounted for approximately 68.7% of natural disaster losses (National

Centers for Environmental Information, 2022a,b). Floods from heavy rains

also cause damage year-round on a regular basis.

role by attempting to provide a unified framework for disaster
management through top-down standards, regulations, and
policies (Ongaro et al., 2010, 2011; Roberts, 2011). Notably, the
federal government has put significant effort into building policy
mechanisms that attempt to establish a chain of responsibility and
actions at various levels of government. FEMA oversees programs
that bolster state and federal collaboration and disperses grants
for state-led studies of flood management. Disaster events that
require highly coordinated recovery and resilience efforts give
officials experience navigating the chain of command, which has
been demonstrated to result in more deft action when other
disasters occur in the future (Smith, 2014). The federal government
also requires state, local, and tribal governments to produce
Hazard Mitigation Plans (HMPs) to reduce risk across disasters.
As such, when FEMA strives to create mechanisms encouraging
interlinkage–those that build incentive structures for preparation
(i.e. state flood mitigation policies), and make recovery funds easily
dispersible–communities benefit (Gonick and Errett, 2018).

In spite of efforts at the federal level to coordinate disaster
management responses across levels of governance, there
is a “well-acknowledged failure to ‘connect the dots,’ across
organizations” (National Commission on Terrorist Attacks Upon
the United States, 2004; White House Report, 2006; Roberts,
2011). Our study postulates that the gaps in intergovernmental
relations we’ve mapped out are fundamentally connected to the
imperfect structure of federalism underlying the United States
disaster response system.2 Therefore, a federalism of “shared
functions” among levels of government may be appropriate for
disaster management (Elazar, 1962; Grodzins et al., 1967; Roberts,
2011); such a governance structure, however, is still susceptible to
confusion and poor coordination, given the increasing complexity
of intergovernmental relations and structures.

Building on Roberts (2011), we argue that achieving the stated
objectives of disaster management planning requires rethinking
coordination among levels of government and nongovernmental
agencies since no single organization bears responsibility for all
kinds of disasters across geographic boundaries. The challenge for
flood management is that an imperfectly decentralized federalist
approach is used to manage events that are both semi-random
and catastrophic. This challenge is illustrated well by the example
of one-hundred and five-hundred year floods. On the one hand,
local officials and community stakeholders can tailor a community’s
response to its needs within an understanding of the limits
of the community’s resources and are well-suited to conduct
floodplain analysis, infrastructure coding, and analyzing how local
environmental inequities interface with major flood events. On the
other hand, some events may be so rare–or some communities so
under-resourced–that it may be more efficient for a higher level
government agency (e.g., federal) to devote energy and resources
toward preparing for disasters (Di Gregorio et al., 2019). Because of
how unlikely some events are to occur (when factoring in increasing
frequency due to climate change), some municipal and regional

2 The complexity of jurisdictional responsibility between governmental

entities aligns closely with Marks and Hooghe’s (2004) definition of “Type

2” governance, which describes jurisdictions as operating at numerous

territorial scales, shifting in role and self-definition, and comprising a

complex, patchwork of innumerable entities.
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taxpayers/officials might not find it worthwhile to prepare for
certain events.

This paper contributes to the literature on flood governance in
several ways. First, it surveys a broad nexus of available literature
on flood governance and interrelated topics such as climate change,
environmental justice, risk, and development. Second, it defines
the responsibilities of local, state, and federal governing entities
at various levels and maps out the relationships between them.
To our knowledge, this paper is the first to map out these
relationships in the context of flood management. Understanding
these relationships can help expose gaps and point to possible
solutions for governance for addressing intensifying flood trends.
Mapping out the relationships can also serve as a starting point for
comparisons of multilevel flood governance between nations.

Background: federal policy on flooding

Federal policy has primarily focused on addressing the
aftermath of flood impacts, largely allowing states to determine
their own preventative policies. At the federal level, the Federal
Emergency Management Agency (FEMA) is the primary federal
body administering federal funding, programs, policies, and
institutions.3 FEMA manages the National Flood Insurance
Program (NFIP) to address individual and private property losses
in the aftermath of these events. Since 1970, there have been over
2.4 million flood claims through the NFIP, representing almost $70
billion in payments (FEMA.gov, 2022a,b,c). In 2019, major flood
events alone in the US caused approximately 33.4 billion dollars in
damage [Billion-Dollar Weather and Climate Disasters | National
Centers for Environmental Information (NCEI), 2022; Smith and
NOAA National Centers For Environmental Information, 2023].
It is estimated that over the next 15 years, states that are prone to
flooding have billions of dollars of property that could be destroyed
by incoming flooding. New Jersey, California, and Florida top this
list with $10.4 billion, $10.3 billion, and $7.9 billion worth of
property at stake, respectively (Dahl et al., 2017).

The federal government has also created national-level policies
and programs, such as the Stafford Act, to prioritize disaster
scenarios in accordance with emergency response necessities.4

Under the Stafford Act, a state, territory, or federally recognized
tribe identifies the disaster and determines whether the state
has enough resources to provide relief. If the state or territory
does not have adequate resources, the governor makes an appeal
to the federal government, requesting the type and amount of
assistance necessary. If a disaster is federally recognized and the
White House deems assistance necessary by FEMA intervenes,
providing funding, supplies, and personnel (FEMA.gov, 2022a,b,c).
In addition, FEMA can provide support at the state or territory level
by providing assistance to individual properties, assistance for the
repair and replacement of public infrastructure, and some resources
for the prevention of future hazards.

3 FEMA was created via executive order by President Jimmy Carter in 1979

with the dual missions of emergency management and civil defense.

4 In 1988, the U.S. Congress passed the Stafford Act, providing the

first congressionally enshrined emergency management and codifying a

statutory framework for disaster response and recovery.

The federal government classifies natural disasters into two
main categories. Type I disasters do not meet federal declaration
criteria but are deemed by the state to merit assistance. Type
II disasters trigger federal declarations and involve the use of
traditional FEMAprograms as defined by the Stafford Act, as well as
supporting state programs like the provision of a non-federal match
for certain grants.

In the wake of 21st-century hurricanes Katrina and Sandy,
both of which were defined by 500-year flooding events, the U.S.
Congress passed the Post Katrina Emergency Management Reform
Act of 2006 (PKEMRA) and the Sandy Recovery Reform Act of
2012. Both of these policies build on the Stafford Act in an attempt
to address gaps in emergency management governance and expand
the limits of federal emergency management powers to address
emerging concerns.

In 2018, Congress passed the Disaster Recovery Reform Act,
the most comprehensive reform of federal disaster management
policy since the establishment of the Department of Homeland
Security. This act authorized FEMA to assist states with water
resource development projects already under the authority of the
United States Army Corps of Engineers. It also required FEMA to
issue guidance on several issues and unlocked funding available
through the Public Assistance Grant Program and the Hazard
Mitigation Grant Program. These provisions included guidance for
submerged and inundated roads, management of open spaces, and
congressional check-ins on assessment and eligibility for disaster-
damaged underground water infrastructure.

FEMA also administers a variety of other programs like the
Community Rating System (CRS) of the NFIP, policies similar
to the Flood Insurance Reform Act (FIRA), and the Disaster
Mitigation Act (DMA). The CRS is an insurance program that
offers premium discounts to communities that have proven
a certain level of floodplain management using a tiered rate
system.The DMA updated guidelines for state hazard mitigation
planning and implementation, while provisioning federal disaster
assistance as a contingency to the approval of a State Hazard
Mitigation Plan (SHMP). By 2016, its State Mitigation Plan Review
Guide required states to include considerations about changing
climate or environmental changes (Gonick and Errett, 2018).
Communities can only gain access to grants from theNFIP’s Hazard
Mitigation Grant Program for projects that reduce or eliminate
flood risk if that locale participates in the NFIP (Federal Emergency
Management Agency, Department of Homeland Security, 2021).

Methods

Our approach consists of two primary elements. First, we
conduct a narrative literature review on intergovernmental
relations for flood governance based on a subset of literature
focused on the United States. Second, we examine government
documents to map out interlinkages and connections between
the local, state, and federal departments, policies, agencies,
institutions, and legislation. Detailed metrics and guiding
questions for the structuring of the resulting tables, which
illustrate those intergovernmental relations, are available in
Appendix Tables B1–B3.
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To conduct our narrative review, we use a series of systematic
keyword-based searches using the Scopus database to identify
studies that explore interlinkages or multi-level governance related
to hazards such as disasters, flooding, sea level rise, and storms.5

As the terms that may be used to describe these concepts are
many and varied, we define a set of 95 keywords that fell
into one or more of the following four categories of terms
(“disaster”, “governance”, “flooding/storm”, and “multi-level” AKA
Intergovernmental Relations), listed in Table 1. Though the terms
we choose clearly related to flood governance, we recognize that
some broadly applicable sources might fall beyond flood literature,
including more theoretical sources on multi-level governance
(i.e. intergovernmental relations). Ultimately, intergovernmental
relations and flood governance is a research area with a broad
vernacular and a wide variety of terms associated with it, so we
created multiple search-term possibilities, and categorized them
before combining them into multiple searches to capture a broad
range of the literature. The results of the study, which fall primarily
into three themes described in this section and the beginning of
the results, were derived from the search results and inform the
structure of the article’s results.

We then query the Scopus database using 33 distinct
combinations of the Table 1 keywords (see Appendix Table A1)
using different Boolean operators (e.g., combinations of “OR,”
“AND NOT,” and “AND”). We rule out keyword combinations
that yielded more than 10,000 results and focused on searches
that yielded fewer than 10,000 results. Of the original 33 search
combinations, 26 searches yield under 10,000 results. We upload
and compile the results of these searches into a reference
management program (SciWheel); the software allows us to
deduplicate, tag, and categorize studies. We deduplicate the results
of the 26 searches and prune these references through title and
abstract screening and targeted reference manager searches to
ensure relevance of the results to United States or had a title directly
related to multi-level governance systems and flood management,
resulting in a final sample of 80 sources for the narrative review
(see Appendix Table A2 for the list of 80 references). In SciWheel,
we tag articles pertaining to the following terms:

climate change, climate change adaptation, compound

hazards, disaster recovery, exposure, federal flood policies, flood,

flood insurance, flood risk, management, hazard mitigation,

housing, hurricane infrastructure, introduction, local emergency

planning, natural disasters, NFIP, resilience, review article, social

media, state government, urbanization, vulnerability

In tagging articles, we do not include articles that do not fit
into the tagging specifications of our final review. At each stage
of the pruning, two or three co-authors independently screen
each potential addition to the review. At any disagreement on
inclusion or exclusion of an article, all co-authors involved in the
screening would discuss until they reached a consensus. We review
the full text of each of these articles to produce a synthesized

5 Due to the broad and varied nature of the literature/search and sheer

quantity of results, our systematic search resulted in a large number of results,

requiring significant pruning. Ultimately what started as a systematic search

ended in a narrative review informed by a subset of systematic search results.

list of 33 highly relevant articles and book chapters (marked
green in Appendix Table A2). Based on the final 33 sources, we
develop a “mind map,” a diagram for the visual organization of the
information in our sources. Our mind map helps us organize and
demonstrate thematic relationships among pieces of the literature
on flood policy and governance. We choose the references to
include in the mind map based on an inductive analysis to capture
direct quotations and reviewer notes, organizing and linking
them into emergent themes using Coggle (https://coggle.it),6 an
online tool that allows for the compilation of quotes, facts, or
figures. We organize our mind map using the following themes
and/or categories:

- Local Flood Programs, subdivided into sources on specific
municipalities and their flood governance. The various
municipalities include Boulder, CO; Boston, MA; Houston,
TX; Kinston, NC; Lumberton, NC; Morehead City, NC; New
Orleans, LA; New York, NY; Tampa, FL.

- State Flood programs and Policies, subdivided into California,
Colorado, Florida, Louisiana, Massachusetts, North Carolina,
Oregon, Texas, and possible state-level policy planning.

- Federal Flood Programs and Policies, subdivided into EPA, US
Coastal Barriers Act, Road Home Program, Community Rating
System, National Flood Insurance Program (NFIP), Federal
Emergency Management Agency (FEMA).

- Flooding and Flood Policy’s Effects on People, subdivided
into Repeat Victims, Community Resilience and Stakeholder
Engagement, Environmental Justice/Social Risk, Demographics.

- Data and Description, subdivided into Sea Level or Flood
Data Analysis, Insurance, Risk, subdivided into Physical Risk,
Financial Risk, Perception of Risk.

- Subjects of Policy Analysis, subdivided into Hurricane,
Vector Borne illness, Climate Change, Descriptive Effects of
Current Policy, Normative Analysis and Policy Solutions,
Interlinkage/Gap Analysis, subdivided into Federal/State,
Federal/Municipal, State/Municipal.

We analyze the extracted data from our 33 references and
organize it in the Coggle mind map, and find three themes
around the intergovernmental relations of flood governance in
the United States. We use the following themes to analyze and
organize our results while writing our review: interlinkages and
gaps in intergovernmental relations for flooding, risk, data, and
social vulnerability. Using these themes, we create an outline
that combines a review of the impacts and challenges that
flooding creates in the United States with key theories on
intergovernmental relations and federalism. We use this outline
to empirically identify gaps in governance and to find examples
of both disaster policy failures and policy solutions, theoretical
and empirical.

Mapping intergovernmental relations

In addition to our mind map, we also create summary tables
of the various ways government structures are interlinked
in Appendix B. As outlined in Appendix B, we create

6 Mind map available on request.
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TABLE 1 Key search words.

Category of terms Keywords

Disaster disaster, disaster-mitigation, disaster-relief, disaster-recovery, disaster-response, disaster-risk, emergency,
emergency-management, hazard, hazard-mitigation, management, mitigation, plan, planning, plans, recovery, relief,
resilience, response, risk, services, disease, diseases, health, infectious, healthcare

Governance act, acts, governance, legislation, policy, policies, regulation, regulations, resilience, statute, statutes, sustainable,
sustainable development, sustainable development goals, vulnerability

Flooding/Storm disaster, disasters, emergency, emergencies, flood, flooding, floods, floodplain, hazard, hazards, hurricane, hurricanes,
storm, storms, coast, coastal, beach, shore, shoreline, bay, inlet

Multi-level chain, community, designation, federal, federal-state, intergovernment, intragovernment, intragovernmental, local,
multilevel, multi-level, national, region, regional, responsibility, state, subnational

This table contains the keywords defined that we use for the literature search by category.

summary tables using a framework of guiding questions to
determine the nature of the intergovernmental relations.
For both legislation (Appendix Table B1) and programs and
policies (Appendix Table B2), once we had a list of these
structures. We derive our guiding questions to determine if
an intergovernmental relationship exists as a result of the
legislation, policy or program, and if so, what entities the
relationship connects, the nature of the relationship, and whether
a part of the relationship mandates reporting or establishes a
hierarchy. The information within the tables is informed by
both the studies we identity in our review of the literature
and public information available on government websites
and databases.

Results

In our review of the literature, we identify three overarching
themes: (1) coordination across multiple jurisdictions
(intergovernmental relations); (2) types of risk (financial,
physical, social and individual, and perception of risk); (3) data
adequacy and interoperability. The themes we identify point to a
complex web of intergovernmental relations for managing floods.
Flood governance intersects with housing, climate, and zoning
governance, and therefore the policies, institutions, and programs
governing each issue are entangled respectively (Lyles et al., 2014).
Consequently, in structuring the results, the themes we’ve identified
expose problems accentuated or engendered by intergovernmental
gaps from these areas of governance. Where we identify policy
recommendations from the literature, we purposefully focus on
those that build resilience through the strengthening of tenuous
(or nonexistent) intergovernmental relations and public/private
partnerships. Papers that advocate for policy tend to do so with
solutions that fall into four types: land use planning, insurance
reform, and stakeholder or inter-municipality collaboration. In
reviewing the three themes, our analysis exposes gaps inhibiting
interconnectivity and multilevel cooperation for flood policy that
are more explicitly examined through examples from the literature.
We summarize the academic literature and government resources
on flood policy interlinkage before describing problems with risk
and flood data in the following subsections.

Interlinkages and gaps in
intergovernmental relations for flooding

Evidence suggests that FEMA’s history of reform and
streamlining in the wake of flood disasters has yielded greater
multilevel interlinkage, lending itself to quicker reaction time
and relief. The literature suggests that in the past, FEMA’s
flexibility in response–and experience dealing with the expansion
of federal guidance to states for flooding–speeds disaster project
development, recovery, and implementation (Smith, 2014).
Projects included pre-event hazard mitigation planning, the
identification of potential stakeholders and volunteers, and a
pre-negotiated agreement with FEMA that streamlined the
determination of eligible flood insurance applicants (Smith,
2014). For example, 3 years after Hurricane Fran, the heavy rains
of Hurricane Floyd flooded many of the same communities.
Realizing that federal funding demands had outpaced supply,
communities developed grant applications in anticipation
of further management funding between the two storms.
Additionally, federal, state and local officials, as well as private
sector contractors tasked with grants management at the local
level, had gained greater experience administering what is a
complex, highly bureaucratic, and time-consuming program.
Just one week after Hurricane Floyd Struck, state and private
funds, that would eventually be supplemented by Congress,
were disbursed to acquire more than 600 flooded homes (Smith,
2014).

Despite being a primary administrator of natural disaster
relief programs, FEMA’s poorly defined relationship with other
federal and state disaster response structures is one of its major
weaknesses. The lack of clear delineation of responsibilities fails
to address the resulting gaps in governance and authority between
state, federal, and local responsibilities. These are characterized by
the agency’s consistently undefined and ambiguous oversight, low
participation in federal programing, andminimal guidance for state
and municipal governing entities. These gaps in governance often
come from a lack of organization and proper funding.

The lack of clearly defined responsibilities at the federal level
have led to conflicts at various levels of authority, resulting
in jurisdictional lawsuits (Tullos, 2018). Some states allege, for
example, that FEMA does not comply with the Endangered Species
Act (ESA). FEMAmust not produce adverse impacts on threatened
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and endangered species as a federal agency, and yet it has been sued
in multiple states for a role in enabling the degradation of habitat
for such species. As a result, FEMAhas injected itself into the role of
supervising and restricting activities within the floodplain in some
locations where habitats for threatened and endangered animals
have been affected (e.g., salmon in the Puget Sound, WA; Key Deer
in the Florida Keys).

The lack of clearly defined responsibilities at the federal level
has also led to the ballooning of federal flood institutions’ debt
(Blessing et al., 2019). FEMA as a relatively semi-present and
periodic federal regulator for state disaster governance has situated
it primarily as a bail-out program and fund-disbursing entity. For
example, while the NFIP discourages floodplain development at
the state level, local governments ultimately have the authority for
land use regulation, including restrictions implemented through
zoning. This puts FEMA in a problematic financial position, as the
number of insurance policies has outgrown the program’s carrying
capacity. As a result, insurance payouts by NFIP consistently
exceed the income generated from premiums, and this constitutes
one of FEMA’s biggest financial burdens nationwide (Blessing
et al., 2019). As Tullos (2018) puts it, “the historical lack
of an articulated and coordinated flood-governance structure
has led to a complicated blending of hierarchical, monocentric
governance at the federal level with more distributed polycentric
governance at the regional and local levels”. FEMA’s identity
crisis means that it funds and re-funds the development of
known floodplain infrastructure. This has created an agency
that specifies how to build within a floodplain, rather than
protecting buildings and floodplain functions by discouraging
inappropriate and hazardous development (Whitmore et al.,
2006).

FEMA’s seemingly all-encompassing set of responsibilities is a
reason the agency has struggled for years to maintain financial
solvency (Blessing et al., 2019; Shi and Varuzzo, 2020). For example,
the NFIP alone has a debt of $20.5 billion as of 2020 (Shi
and Varuzzo, 2020). Congress passed the Biggert–Waters Flood
Insurance ReformAct in 2012 in part to attempt to alleviate FEMA’s
financial burden. It did so by raising premiums based on physical
floodplain protection and avoidance in coastal watersheds. Notably,
this further shifted the financial burden of flood protection to
the homeowner. The public backlash that ensued was based on
perceptions that increased premiums placed undue burdens on
individual property owners (Blessing et al., 2019). Simultaneously,
FEMA’s role as funder hasmeant it heavily funds recovery programs
that lack specificity of guidance to achieve its goals for the funding
in the aftermath of flooding natural disasters. The Road Home
Program (RHP), instituted in the aftermath of Hurricane Katrina
was a primary example of this. Green and Olshansky (2012)
argue that though the RHP was successful in allotting billions of
dollars to the state of Louisiana and homeowners for rebuilding
and mitigation, the unresolved tension between RHP’s purpose
as a rebuilding program and a compensation program created
significant barriers to recovery.

Financial hardship also stems from overextension and
underpricing of the NFIP insurance policies. Most residential
flood insurance policies in the United States were written by
the NFIP which has historically practiced a “grandfathering” of

flood insurance premiums.7 When flooding conditions in a given
locality (coastal or not) changed and physical risk heightened,
or even when improved data gathering methods enabled an
improved ability to detect risk, residents who held an NFIP policy
could keep a lower rate despite higher risk and therefore, more
claims. Consequently, this has resulted in a loss of financing,
overextension of capabilities, and a loss of incentives for flood-
proofing or relocation for homeowners in areas increasingly
vulnerable to flooding. Though increasing premiums would
create affordability challenges for many residents, artificially low
insurance policies for these properties have resulted in serious
shortfalls in revenue (Kousky et al., 2021).

Federal efforts to close funding gaps have taken a number of
forms, some of which attempt to disperse funding across levels
of government, and recover lost revenue. For example, The FIRA
authorized the expenditure of up to $40 million to mitigate severe
repetitive loss properties (RLPs), often causing non-catastrophic
and costly repeated damage, and drawing heavily on the NFIP’s
funds (Kick et al., 2011; Blessing et al., 2019). This expenditure
was approved only in the event that states mete out funds to
local governments to support flood intervention activities such
as property elevation, flood-proofing RLPs, property buyouts, and
residential relocations. FIRA encourages interlinkage by following
a chain financial transfer while ensuring that property owners who
refuse offers of mitigation must pay increased insurance rates (Kick
et al., 2011).

The CRS program, discussed in the Background section, hopes
to spur federal/local interlinkage by motivating the purchase of
flood insurance, promoting flood hazard awareness and mitigation,
but evidence suggests a perverse incentive structure in certain
cases. Communities that are close to the cutoff between tiers might
adopt “substantially more passive” CRS activities; given that passive
programs are less effective at reducing risk for the community,
increased damage and losses from floods are likely (Sadiq and
Noonan, 2015). Brody et al. (2009) note that Floridian localities,
for example, adopted CRS policies through least-cost learning
in which they disproportionately select for less expensive point-
earning activities that are more politically viable, suggesting the
possibility that the CRS’s point system can be gamed.

Separate from its financing issues, one of FEMA’s consistent
major obstacles has been a lack of community and state-level
engagement in programs other than the NFIP. Participation in
many of these measures could minimize the strain on the NFIP
finances and protect floodplain resources and minimize flood
losses. Given widespread participation in FEMA’s other programs,
such as the CRS, financial stress on the NFIP might be lessened
by the increased uptake in resilience measures required by these
programs, and allow the NFIP to function more efficiently (Brody
et al., 2009; Zahran et al., 2010). But participation in CRS is
low in communities across the United States. In January of

7 In 2022, FEMA updated its pricing methodology with its “Risk Rating 2.0,”

which more extensively incorporates the impacts of climate change and

gathers more comprehensive hazard and risk data. Additionally, it eliminated

the program’s “grandfathering” policy in the hopes of fighting the program

(and FEMA’s) deficit.
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2008, 1,080 communities, representing only five percent of NFIP-
eligible communities at the time, had enrolled. In 2021, that
figure had only increased to 1,520 (FEMA.gov, 2021). Despite the
logical partnership between state and local managers, it remains
challenging to coordinate activities across the state and local levels
(Landry and Li, 2012).

In some cases, FEMA’s failure to provide adequate funding
or oversight in the past (i.e. gaps), resulted in the enhancement
of state programs and increased state proactivity in the wake
of flood disasters. In North Carolina, one of the state’s leading
the effort to improve flood resiliency, commenced typical federal
responsibilities after Hurricanes Fran and Floyd. These efforts
included management of emergency housing and implementation
of a new long-term recovery program (Smith, 2014). The state
took on related actions including the building of an enhanced
state emergency management capacity, an expanded commitment
to hazard mitigation, and the creation and funding of state-level
recovery programs advancing the concept of sustainable disaster
recovery. These efforts culminated in the largest single-state
acquisition of flood-prone properties in the country. Importantly,
this enabled North Carolina to map floodplains and share the
data in a publicly-accessible format.8 States like Louisiana and
Texas have been able to react similarly to North Carolina in
the aftermath of exceptionally devastating disasters (Hurricane
Katrina and Hurricane Harvey, for example) with enhanced water
management programs like the LouisianaWatershed Initiative, and
the state flood assessment from the Texas Water Development
Board (Laska, 2020; Lake, 2021). Most state programs, however, are
created as temporary post-disaster assistance, creating an episodic
ebb and flow of hazard mitigation administration, data collection,
and disaster recovery programs (Smith, 2014, 2020). Despite the
complex and often unpredictable incentive structures of programs
meant to link local and federal governance, we map out the
complex multilevel interlinkages and gaps of flood governance
based on the literature and publicly available government
data. We summarize our findings in Appendix Tables B1–B3.
Appendix Table B1, Legislation Gaps and Interlinkages, outlines
how federal legislative bodies or pieces of legislation link in terms
of level of governance, voluntarily or by mandate, the funding
relationship, whether there’s knowledge mechanisms building
between levels, and reporting requirements for the legislation.
Appendix Table B2, Programs and Policies Gaps and Interlinkages,
presents a similar evaluation along the same metrics for programs
under the jurisdiction of institutions or agencies and or that might
have been enumerated by legislation. Finally, Appendix Table B3,
Institutions and Agencies, lists federal agencies and describes them
and related policies/programs.

Risk

Financial risk
The financial risk of flooding events is an increasing concern

for the public sector, especially given the compounding impacts
of climate stressors. Historically, tax and real estate structures at

8 North Carolina’s online flood map can be accessed at https://flood.nc.

gov/ncflood/.

the national level may encourage development in coastal areas and
floodplains in pursuit of greater business and individual return on
investment. Since property taxes are a function of property value
and are the primary source of revenue at the local government
level, a 2018 report found that 6.9 feet of sea level rise would cause
2.4 million properties to lose significant real estate value which
is currently providing $12 billion in property taxes (Dahl et al.,
2018; Shi and Varuzzo, 2020; The Pew Charitable Trusts, 2021).
However, this loss of revenue is not distributed evenly across the
United States. Under projections of 6.9 feet of sea level rise, it is
estimated that nationally, 120 municipalities could lose more than
20% of their property tax base, and 30municipalities could lose 50%
of their property tax base, within the next 30-year mortgage cycle
(Dahl et al., 2018; Shi and Varuzzo, 2020).

In the case of coastal vulnerability, data analysis on expected
sea level rise, land use, and property taxes suggests that some
coastal cities may lose significant levels of municipal revenues to
long-term sea level rise, while others face negligible impacts. Yet,
coastal municipalities cognizant of the risks continue to fund site
redevelopment projects in flood-vulnerable areas to meet present-
day budgetary needs. Because reforms only hasten lost taxes,
municipal governments are effectively discouraged from aligning
property values and insurance premiums with climate risks (Shi
and Varuzzo, 2020). This results in a tension between long term
municipal, state, and federal flood risk analysis, and real-world
policy decisions. Boston, Massachusetts exemplifies the tension
considering its simultaneous reliance on property taxes and high
sea-level rise risk. Massachusetts’ coastal cities have some of the
highest levels of property tax reliance in the country–with an
average of 60% of total revenue (United States Census Bureau,
2012)—yet property tax is limited to 2.5% assessed property value
(Schuster, 2019). As a result, municipalities tend to grow property
tax bases through gentrification, coastal development expansion,
and man-made land building developments as they cannot exceed
the tax cap without voter approval (Shi and Varuzzo, 2020).
Despite the likelihood that sea-level rise could return Boston
and other Massachusetts cities to their geographic extent prior
to land-making developments by 2100 (Douglas et al., 2013;
Seasholes, 2018; Shi and Varuzzo, 2020), most local governments
are still too financially constrained to implement state-mandated
municipal vulnerability plans which could lower risk and property
tax revenue. This empirical example is supported by theory on
federalism and intergovernmental relations (Roberts, 2011). In the
era of anthropogenic climate change and urbanization, the federal
government is more greatly incentivized to efficiently plan for
events of extreme magnitude that would have been rare in the
past, than local governments which are more directly affected by
short-term property tax revenue diminishment.

Considering the hesitance to align tax and insurance policies
(and by extension, coastal development) with sea level rise, all levels
of governance are unprepared for the financial risks of flooding;
the ability of the NFIP for financial mitigation of flood damages
is overstressed. Shi and Varuzzo (2020) discuss how the loss of
property values under climate change necessitates a change in
management approach at the local level. Urban planning literature
describes two urban planning approaches that might emerge in the
face of a diminishing tax base in heavily flooded municipalities:
austerity urbanism, which leans toward reductions in services and
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funding cuts, and strategic management, which relies on public-
private partnerships to fill the gaps (Johnston and Girth, 2012;
Warner and Clifton, 2014; Shi and Varuzzo, 2020). The latter
might result in public-private partnerships that create new or
upgrade existing neighborhoods into resilient districts. However,
those municipalities practicing austerity urbanismmight cut public
services and implement stern budget oversight. Such budget cuts
often result in deferred capital investment and cuts to services
(Peck, 2012; Warner and Clifton, 2014).

A major challenge for disaster risk management is that the
rebuilding of homes, businesses, and infrastructure in flood-prone
areas is encouraged by the incentives created through existing
systems (Shi and Varuzzo, 2020). For instance, though homes
built under current floodplain regulations will face changing
risks over time, they continue to be held to the previous
codes and standards that don’t take into account dynamic risk
assessments. Communities across the United States are grappling
with regulations about building in the floodplain. In Boulder,
Colorado, a community facing significant growth pressures for
housing and economic development, current regulations do not
restrict redevelopment of properties within the floodplains. This is
slightly mitigated by some building code requirements regarding
flood protection; however, Hemmati et al. (2021) note that these
building codes and land use regulations do not encompass future
flood risk from the increased severity and frequency of flood events
due to climate change.

The NFIP allows a home to maintain a lower insurance
premium indefinitely if it met regulations at the time of
construction, despite flooding risk increases over time. About 70%
of properties built in coastal zones with a 1% or higher chance of
flooding (V zones) and other high-risk flood areas (A zones) pay
for discounted flood insurance under this policy, according to the
Congressional Budget Office (CBO) (2017), Kousky et al. (2021).
Kousky et al. (2021) importantly noted that while this discount
policy is not currently a fiscal issue, it poses a major concern for
the sustainability of the NFIP given SLR projections and coastal
flood risk in the future. Lower insurance premiums carry additional
consequences: homeowners may be less likely to seek other risk
reduction measures or improvements to their home, or they may
believe that they are less at risk for hazards like flooding due to the
lower costs of insurance (Krutilla, 1966; Kunreuther et al., 2013;
Kousky et al., 2021). Shi and Varuzzo (2020) note that adjusting
insurance premiums as well as property values to local climate
risks isn’t feasible when local government structures would lose
property taxes with this shift. In addition, local governments have
little oversight of tax structures compared to state and regional
governance oversight (Landry and Li, 2012; Shi and Varuzzo, 2020;
Kousky et al., 2021).

Another challenge for disaster risk management are the
shortcomings associated with benefit-cost analyses (BCA, also
referred to as cost-benefit analysis or CBA). For instance, BCAs
typically do not incorporate factors such as social equity indicators.
BCAs may also rely heavily on predetermined quantifiable values
of human life or property that do not adequately reflect current
estimates. FEMA’s traditional funding structures use BCAs to
understand the cost-effectiveness of hazard mitigation investment
(Smith, 2014). In a home buyout program, for example, this

would involve determining a cost ratio that compares the cost of
purchasing a structure and its associated land with the “future
expected losses avoided due to flooding,” which requires in-
depth and time-consuming analysis to calculate (Smith, 2014).
The eligibility determination process is lengthy and inefficient,
requiring substantial administrative resources and capacity. It is not
uncommon for funding to be distributed long after stakeholders
need it (Green and Olshansky, 2012). Smith (2014) note that
state agency stakeholders are coordinating with local governments
in this process while simultaneously seeking additional funding
support from Congress, a complicated process that may or may
not result in the necessary capacity to rebuild and restructure
development toward resilience.

The contentious nature of the intergovernmental relations for
the achievement of such a program are on display in a relocation
program of the Isle de Jean Charles, Louisiana in the first federally
funded relocation project of its kind. After the island shrunk
from 35 square miles to <1 square mile due to sea level rise,
the U.S. Department of Housing and Urban Development (HUD)
awarded Louisiana $48.3 to facilitate the resettlement of the 100
residents, who are primarily members of the Isle de Jean Charles
Band of Biloxi-Chitimacha Confederation of Muskogees and
United Houma Nation tribes. Disenfranchisement in the decision-
making process led to a lack of trust between key community
leaders and state leadership (Simms et al., 2021). Governmental
decision-makers determined that present and previous permanent
residents of the island displaced after 2012 would be eligible,
leaving out residents displaced in previous events who contributed
to generational ties and sense of community. Louisiana is also
supporting a neighborhood resettlement project from Pecan
Acres; these efforts to move the primarily Black residents were
stymied by racial bias in the potential relocation communities
(Li and Spidalieri, 2021). Successful relocation efforts will require
substantial and intentional public engagement efforts in addition
to intergovernmental cooperation and significant funding.

The financial structures of the buyout programs and BCAs
utilized in the aftermath of Hurricane Katrina also posed
challenges for recovery and resilience. Grants were calculated
below pre-storm value, and the effects on homeowners in
low- or middle-income housing areas were regressive. Lower
grant amounts didn’t consistently provide enough funds for
low- and middle-income homeowners to adequately rebuild,
recover, or relocate in those areas (Green and Olshansky, 2012).
If the goal was to disincentivize unresilient redevelopment in
urban areas vulnerable to flood and hurricane events of the
future, the program failed in this regard too, as recovery
efforts were consistently characterized by the minimization of
costs and uncertainty in funding (Green and Olshansky, 2012).
Additionally, benefit-cost analysis selects mitigation projects for
areas with a previously low vulnerability status and directs
funding toward the built environment rather than human needs
(Emrich and Cutter, 2011; Sayers et al., 2018; Tate et al.,
2021). This approach is problematic because areas of high
physical vulnerability to flooding often intersect with high social
inequity, referred to in the literature as “social resilience in
flood mitigation” (Flatt et al., 2019; Tate et al., 2021). As
other scholars have argued, a more appropriate approach would
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prioritize social equity concurrently with economic and built
environment mitigation.

Physical risk
Physical risk, including flood or hurricane impacts on physical

structures (e.g., homes and businesses), is the primary focus
of flood mitigation research and policy, particularly for public
infrastructures which have widely available data for analysis.
Within the public sector, some critical public infrastructure tends
to have lower flood risk, depending on the implementation of state
and local preparedness and mitigation standards (Shi and Varuzzo,
2020). This may include public facilities such as education, health
and medical, emergency response, and law enforcement, among
others (Shi and Varuzzo, 2020). However, Shi and Varuzzo (2020)
suggest that some sectors that provide essential services (especially
in the context of disasters) have higher flood risk, including private
industry, information and communication, energy, transportation,
and water resources. Whether the infrastructure is owned publicly
or privately, cross-sectoral partnerships are necessary to mitigate
physical risk from flooding events for critical infrastructure.

Development in the floodplain remains a continuous
and relatively well-studied issue, but a gap in the literature
remains in evaluating the risk of critical infrastructure among
policy-making efforts. As the only paper in this review to
aggregate data on critical infrastructure, Qiang (2019b) notes that
local governments can integrate building code and floodplain
regulations into development processes, including FEMA’s
minimum recommendations. However, there is no requirement
to impose additional flood-zone regulations, building codes, risk
analyses, or resilience plans for critical infrastructure at a state or
federal level (Burby, 2001; Bubeck et al., 2015; Qiang, 2019b). The
lack of national legislation or standards regulating land use and
development across all states, as well as the poor understanding
of risks to critical infrastructure in flood-prone areas, impedes
comprehensive analysis.

Social vulnerability
The social vulnerability dimension of flooding cuts across

societal issues. Notably, the increased incidence of flooding
is exacerbating a pre-existing housing affordability crisis in
many communities across the US. this housing affordability
crisis is a result of well-documented systematic oppression and
racist practices such as redlining, specifically impacting lower-
income households, black or african American populations, Latin
populations, or other people of color (Li and Spidalieri, 2021;
Lynch et al., 2021). For example, Donner and Lavariega-Montforti
(2018) note that the Rio Grande valley is home to a population of
almost 90% Mexican and Mexican-American residents; the area
is especially vulnerable to flooding and hurricanes, exacerbated
by poor drainage and informal housing structures. Public health
professionals and social justice advocates are keenly aware that
the lack of safe, affordable, and accessible housing contributes to
poor health outcomes and contributes to conditions of poverty (Li
and Spidalieri, 2021) as summarized by Li and Spidalieri (2021),
“the frontline communities of climate change are frequently the
same frontline communities as the housing crisis.” The systems that

further oppression and poverty in the united states are entrenched
in our disaster management systems, leading to disproportionate
impacts during and post-disaster. Sajjad et al. (2020) suggest that
high social vulnerability increases risk, even when exposed to lower
levels of hazards compared to a low social vulnerability group.

The social vulnerability dimension of floods also includes
human health. Moreover, floods generally disproportionately
impact segments of the population that are socially vulnerable.
When examining the health impact of flooding, the most pressing
concerns are physical risks during the event (such as drowning
or electrocution), exposure to toxins and vector-borne or water-
related illnesses post-disaster, disruptions to healthcare service and
systems, and physical and mental health impacts following the
event (Veenema et al., 2017). Veenema et al. (2017) note that
conditions, such as increases in water temperature, precipitation,
and humidity are a few examples among many climate- and
weather-related changes that contribute to higher incidences of
waterborne disease during and following flood events. Climate
change will continue to exacerbate conditions that increase the
risk of illness and injury.9 Following hurricanes Katrina and
Harvey, physical and mental health-related problems were well-
documented, particularly for children, the elderly, and lower
income households (Ashley and Ashley, 2008; Qiang, 2019a; Seong
et al., 2021; Mazumder et al., 2022). A community survey of
respondents in Austin, Texas found that social vulnerability has a
large, negative and statistically significant effect on risk perception
(Bixler et al., 2021).10

Current indicators measuring the severity of flood events tend
to be financially quantifiable (e.g., business operations delayed or
shut down, or monetary damages to buildings or other facilities).
Even indicators that are meant to capture the social or the “people-
centered” impact of floods remain solidly in the sphere of finance,
such as business revenue lost from employees who cannot make it
to work. There continues to be a fundamental research gap in the
post-disaster timeframe to have a comprehensive understanding of
who is most impacted by floods and in what ways (Blessing et al.,
2019). However, the higher vulnerability of certain stakeholder
groups, such as children, the elderly, or lower-income households,
is clear (Tate et al., 2021; Mazumder et al., 2022).

Perception of risk
From the perspective of governance structures, risk is

generally understood as the potential for future flooding and
the physical damages resulting from that flooding (Kick et al.,
2011). However, public perception of flood risk greatly determines
how the community responds to or how local-level agencies and

9 Veenema et al. (2017) describe how climate change increases disease

vector numbers and ranges through relocations and migrations related to

climate change induced disaster and sea-level rise (Portier et al., 2010).

Warmer environments also shorten pathogen incubation periods for vector-

borne illnesses like Dengue, Dengue Hemorrhagic fever, yellow fever, and

West Nile Virus.

10 Austin, Texas, is considered the “flash flood alley” of Texas. Texas is

among the states with the highest number of flood fatalities (Bixler et al.,

2021).
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governments prepare for flood events. Indeed, there is a disconnect
between how residents of a community understand or respond to
risk and what the local governments constitute as risk (Kick et al.,
2011). For instance, the local or state government might, based
on floodplain maps, have a relatively established understanding
of how it quantifies the risk of a flood event. This could include
quantifying the likelihood of a flooding event based on data from
the past base that provides an idea of what damages might be
caused by that event. A homeowner might have an understanding
of how their house is or is not situated within a floodplain. For both
the homeowner and local governments, the perception of risk for
flood damage is shaped by past events. In Lyons, Colorado, over
20% of housing was damaged during a severe rain event; Albright
and Crow (2015) found that communities like Lyons that have
limited financial capacity “are likely to have motivated residents
and interested organizations participate in recovery and planning
processes,” supporting that perception of risk is highly shaped by
past damaging events.

Ultimately, perception of risk to floods often fails to take
into account climate change and might result in a discontinuity
between the perception of risk and actual risk. The section on
data further details the problem of recommended floodplain maps
concerning climate change. The measure of that risk is largely
financial, quantified as NFIP claims, financial stability of businesses,
or property damages following flooding. Kick et al. (2011) note
that though government officials may relate on a human level to
the negative physical or mental health outcomes from an event,
response and mitigation systems in place do not account for
non-financial damages. Perception of risk doesn’t translate into
implementing solutions, however. In an analysis of 56U.S.states,
territories, and the District of Columbia, Gonick and Errett
(2018) found that the majority of states integration perception
of risk around climate change into the required State Hazard
Mitigation Plans; however, lack of funding and competing priorities
undermines the movement from understand risk to mitigating risk.

Given the understanding of risk to financial systems,
physical structures and infrastructure, and social vulnerability
and individual wellbeing, the preparation and adoption of
preparedness policies pose an opportunity to mitigate the impacts
of floods. Implementing a community rating system (CRS) remains
an effective measure to improve resilience to flooding for the
communities that participate. Examples of programs implemented
with a CRS could encompass mapping updates, implementing
regulations, public safety campaigns or education and information
about mitigation measures like insurance, or campaigns, and
developing warning and response systems (Sadiq and Noonan,
2015).

Data adequacy and interoperability

Data is critical for evaluating the effectiveness of policies
and the efficiency with which governments adhere to their
responsibilities both in the anticipation of and in the wake
of natural disasters. Though developing policies to encourage
multilevel collaboration often makes use of the best available data,
these data may not be ideal. In most instances, however, the needed

data either does not exist or may measure desired information in
ways that make the data hard to be operationalized (Kreibich et al.,
2022).

In the case of social vulnerability, assessing social vulnerability
at the community level typically involves a quantitative approach to
data in one of two ways. One method involves “integrated analysis,”
where flood hazard and social vulnerability data can be overlaid
geographically. What results is a map that allows comparison of
geographical vulnerability alongside social vulnerability indicators,
and policymakers or government leaders can use the data outcomes
to shape policy and prioritize the areas with high levels of social
vulnerability factors and flood danger (Emrich and Cutter, 2011;
Tate et al., 2021). An example is LA SAFE, the Louisiana Strategic
Adaptations for Future Environments, which overlays physical
risk (such as sea level rise, erosion, and flooding) with social and
economic data, to “identify low-risk areas that may be more likely
to receive people migrating from the coast” (Li and Spidalieri,
2021). Alternatively, indices are determined andmapped onto areas
of high flood hazard risk to identify which dimensions of social
vulnerability dominate (Zhang and You, 2014; Mavhura et al.,
2017; Tate et al., 2021). Each approach has disadvantages; both
methods employ generic indicator sets at a local scale, which can
be problematic if data is limited, skewed, or poorly recorded, which
can be the case at all levels of government but particularly at the
local level. Additionally, the use of generic indicators of social
vulnerability is problematic when the literature tends to describe
conceptual consensus of social vulnerability as hazard-specific
(Rufat et al., 2015). There remains limited empirical understanding
of the spatial distribution and determinants of social vulnerability
to floods at the national level. Such understanding is needed to
support changes in flood mitigation policy toward social equity
(Blessing et al., 2019).

Data inadequacy and inaccuracy are also problematic for
municipalities with significant land areas in the floodplains.
Notably, 500-year flood zones were incompletely delineated in
2019. Regulation and guidance on the implementation of 500-year
zones standard was fragmented despite FEMA recommendations
to use these zones to protect critical infrastructure (Qiang, 2019b).
One study of southeastern North Carolina showed that after a
flood event, approximately 44% of residential structures flooded
were outside of the 100-year floodplain. Property holders make
decisions on whether to buy flood insurance in part from the
guidance of local hazard maps, which may no longer be accurate.
If 100-year floodplain data are becoming obsolete, and the
frequency of higher caliber flood events are increasing, properties
previously deemed low-risk need to be re-evaluated. Comparing
potential and actualized vulnerability data for coastal floods can
inform improved planning and mitigation for previously low-risk
geographies (Qiang, 2019b; Pricope et al., 2022).

Discussion and conclusions

In this paper, we explore the literature on intergovernmental
relations in the United States in the context of flooding to
identify governance gaps and interlinkages among the various
jurisdictions of entities involved in flood resiliency planning and
flood response. Identifying key patterns in the academic literature
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on flood policy can help shed light on existing inefficiencies
of multi-level governance but also point to opportunities for
increased coordination, a reduction in duplication of efforts, and
policy innovation.

Improving governance to enable increased flood resiliency is
especially important in the broader context of climate change.
Rising global temperatures and the increased frequency of
natural disasters will continue to result in risk on physical and
environmental axes. Increased risk of disasters also underscores
the importance of incorporating social vulnerability in prioritizing
flood response and flood resiliency programs. Factors like urban
population growth, urban development sprawl, coastal and
floodplain development, and aging urban infrastructure further
complicate and challenge coastal resilience to climate-related risks.
Subsequently, recognizing the unique opportunity to develop
adaptations and resilience to climate change complications requires
national, sub-national and local jurisdictions to not only cooperate
but coordinate in a comprehensive way (Bai et al., 2018; Bixler et al.,
2021).

Flooding sits at the intersection of climate and housing crises,
particularly in coastal urban regions; as such, flooding and the
long-term effects of hurricanes disproportionately affect the most
vulnerable populations (Green and Olshansky, 2012; Sovacool
et al., 2018; Chakraborty et al., 2021; Li and Spidalieri, 2021).
The literature acknowledges this and patterns toward policy
analysis and normative policy solutions that consider social and
housing inequalities inherent to flooding. Therefore, we discuss
the literature’s trending policy solutions that grapple with flooding,
sea-level rise, and hurricanes in the context of climate-change-
induced sea level rise, and frame them within a social context of
inequality. Articles proposing policy solutions tend to fall into the
following four categories: land use planning, insurance reform, and
stakeholder or inter-municipality collaboration.

In addition to housing and manmade infrastructure, sea-level
rise, storm events, and flooding also pose a threat to coastal habitats
and wetlands. Research is still needed to determine geography-
specific erosion and accretion rates, particularly concerning the
severity of climate events (Dorman et al., 2011). Calil et al. (2015)
recognized that over one-third of the NFIP’s claims have been to
RLPs and postulated an opportunity to align conservation with
flood hazard mitigation. Flood-prone parcels of land that have
natural resource conservation value often overlap with coastal
zones containing RLPs. Prioritizing land buyouts within this
overlap may help FEMA alleviate property loss and stabilize
wetland conservation. When restored floodplains regain their
natural abilities to weaken the effects of floods, they can reduce
cyclical flood damage and protect coastal communities (Calil
et al., 2015). The feasibility of widespread implementation of this
policy is dependent on accurate floodplain data and mechanizing
eminent domain for conservation, but it is one strategy that could
work in states with high tax revenue and sturdy governmental
institutions, like California. Another avenue for implementation
could be through the collaboration of FEMA and state wildlife
commissions to recalculate flood data and reform the state-
specific Wildlife Action Plans [USGS State Wildlife Action Plans
(SWAP), 2022] for an approach to coastal resilience that considers
wetland conservation.

The human and economic costs of failures in flood control,
risk analysis, and adaptation for resilience have broad applications
beyond the empirical case of the United States. Future papers
might compare the relevant merits and detractions to our system
to another nation’s, but that is not the purpose of this one, though
the literature points to a dearth of research on internationally
collaborative flood governance mechanisms and strategies. Indeed,
whatever lack of understanding governments and the scholarly
field may have for deciphering intergovernmental interlinkages and
gaps in federalist flood management systems, the incomprehension
of international flood resilience and response policy is greater.
Flood consequences that can have broad geographic or even
global effects, like increased risk of zoonotic and vector borne
illness, rely in part on international collaboration to neutralize,
prevent, or reduce harm (Gubler, 2010; Albano et al., 2015;
Veenema et al., 2017). Lessons learned from strides in intranational
flood management efforts can inform efforts to build effective
interlinkages (in data sharing, knowledge sharing, and diplomatic
relations for disaster management) between governments. Multi-
level governance strategies that encourage the prevalence and
strength of free open-source geospatial models can help build
resilience beyond the capacity of one single nation (Albano et al.,
2015).

Considering the technological improvements and the urgency
of climate change, the literature points to a number of opportunities
to improve the operability of intergovernmental relations and
bridge the implicit disconnects present in a federalism of shared
functions. Though the local and global economic determinants
of unresilient flood governance systems can’t be understated (Shi
and Varuzzo, 2020; The Pew Charitable Trusts, 2021), investment
in flood resilience infrastructure can yield economic dividends in
decades to come (Fung et al., 2020; Yaron and Wilson, 2020).
Acknowledging its relative absence from the literature, further
research is needed to understand how social vulnerability is
affected by flooding and how it can be considered in governance
mechanisms. Given the ubiquity of private and public institutions
gathering data on natural disaster, codifying policies (national
and international) that incentivize the gathering and sharing of
500-year flood data between levels of government and private
institutions will bolster flood data sets, leading to more efficient
government responses, a more accurate foundation by which
to base resilience policies, and more granular analysis of the
intersection of social vulnerability and flood response (Bjerge
et al., 2016; Ran and Nedovic-Budic, 2016; Jayawardene et al.,
2021; Pricope et al., 2022; Valachamy et al., 2022). Beyond flood
governance, improved functionality of intergovernmental relations
benefits the functionality of government through improved social
services and tax structures (Kazepov, 2017; Rixen andUnger, 2022).

Although more time and research is needed to analyze the
effects, the Biden administration implemented a number of flood
governance strategies in an attempt to fill gaps in FEMA’s flood
control efficacy. In March 2023, the National Climate Task force
released a Federal Flood Risk Management Standard Climate-
Informed Science Approach State of the Science Report to
“establish a Federal Flood Risk Management Standard to ensure
that agencies take actions to enhance the Nation’s resilience to
current and future flooding.” Key among the actions outlined

Frontiers in SustainableCities 11 frontiersin.org

https://doi.org/10.3389/frsc.2023.1135513
https://www.frontiersin.org/journals/sustainable-cities
https://www.frontiersin.org


Chantilas et al. 10.3389/frsc.2023.1135513

in the document, was a change to the NFIP’s risk assessment
policy that not only eliminated the program’s “grandfathering”
policy in the hopes of fighting the program (and FEMA’s) deficit.
The program’s updated pricing methodology, the “Risk Rating
2.0” updates modeling approaches to more extensively incorporate
the impacts of climate change and gather more comprehensive
hazard and risk data. In terms of intergovernmental relations for
flood management, The Federal Flood Risk Management Standard
attempts to strengthen both stakeholder input and top-down
policies for flood governance. Future research must investigate the
ways that the new risk assessment system affects equity and social
vulnerability outcomes for flood insurance holders.

Many of the policy changes that various sources in the
literature recommend (e.g., improved insurance systems,
improving floodplain data, and restructuring the CRS) will require
an improved understanding of how changes in climate will affect
particular geographies. Successful resilience policy hinges in part
on understanding climate change projections, as it is challenging
to know how and to what degree to prepare across dimensions like
physical and financial risk for unknown quantity and frequency of
natural disasters (Smith, 2014; Gonick and Errett, 2018; Shi and
Varuzzo, 2020). Better methods are needed to predict how these
hazards will change over time in the face of climate change and
more effectively convey these realities to the public, especially
those who are skeptical of climate change. Policies must not only
outline reconstruction plans and best practices (e.g., where and
how communities will be rebuilt) but also reflect current and
projected changes in natural hazard risk–including those caused or
exacerbated by climate change (Smith, 2014).
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